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(54) Exhaust gas purification system 

(57) An exiiaust gas purification system having a 
diesei particulate filter (10A) to purify particulate matter 
in the exhaust gas G from ^ diesei engine^ wherein a an 
exhaust gas passage (11A.i1B) prevention structure 
(1 3 A) or the like is installed in portions where particulate 
matter in the exhaust gas is collected and accumulated 
easily, and, the temperature raises easily by the oxida- 



tion of accumulated particulate matter, In said diesei par- 
ticulate filter. 

The ailowsto avoid DPF melting damage or break- 
age, by equalizing the heat distribution of the diesei par- 
ticulate filter (DPF) and preventing an abnomnally high 
temperature from generating partially, and an exhaust 
gas purification system of excellent endurance can be 
provided. 
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Description 

.BACKGROUND OF THE INVENTION 

-Field of the Invention • . 

[0001] Tlie present invention concerns an exiiaust 
gas purification system having a diesel particulate filter 
(DPF: Diesei Particulate Filter: designated as DPF here- 
inafter) for purifying the exhaust gas' by collecting par- 
ticulate nnatter (particulate matter designated as PM 
hereinafter) In the exhaust gas of an engine such as die- 
sel engine or the like. 

[0002] The aniount of exhaust of the PM exhausted 
from a diesel engine is regulated more and more strictly 
together With nitrogen oxtdes (NOx), carbon monoxide 

(CO), hydrocarbon (HC) and others year after year, and 
. a technology for reducing the amount of PM to be ex- 
hausted outside, by collecting the PJVI by DPF has been 
developed. 

[0003] The filter for directly collecting the PM includes 
ceramic monolithic honeycomb shape wall flow type 
DPF, OF fiber shape type DPF where ceramics or metals 
are formed into fiber, or others. The exhaust gas purifi- 
. cation system using these DPF are installed in the mid- 
dle of the engine exhaust pipe and purifies the exhaust 
gas generated In the engine. 

Detailed Description of the Prior Art 

[0004] However, the DPF is clogged along the collec- 
tion of PM, and the exhaust gas pressure (exhaust pres- 
sure) rises as the collected amount of PM increases, 
thereby requiring to eliminate collected PM from the 
DPR Therefore, several, methods and systems have 
been developed. 

[0005] Among them, there, is a system for eliminating 
PM by combustion through the heating of the DPF by 
an electric heater or a burner, or back-washing by flow- 
ing the air in the opposite direction . However, in the case 
of these systems, the fuel efficiency deteriorates, and 
the regeneration control is difficult, because the PM is 
burned by supplying heating energy from outside. 
[0006] In addition, in the case of adopting these sys- 
tems, often two lines of exhaust passage provided with 
the DPF are installed, and the PM collection and filter 
. regeneration are repeated alternately, thereby tending 
to Increase the size and cost of the systenn. 
[0007] In order to cope with these problems, a contin- 
uous regeneration type DPF system, as shown in FIGs. 
32 to 34 have been proposed. 

[0008] FIG. 32 shows a continuous regeneration type 
. DPF system (NQgregeneration type DPF system) 1 U by 
intermediate of nitrogen dioxide (NO2), and the system 
1U is composed of an upstream oxidation catalyst 3Aa 
and a downstream wall flow type DPF 10U. The up- 
stream side oxidation catalyst 3Aa such as platinum or 
the like oxidizes nitrogen monoxide (NO) in the exhaust 



gas and NO2 obtained by the oxidation oxidizes PM col- 
. . lected by the downstream-DP F 1 0U to obtain cariDon di- 
oxide (GO2,) thereby removing PM . 
. [0009] As the oxidation of the PM by NOg is perf onned 

5 with less energy barrier and at a lower temperature than 
the oxidation of PM by oxygen (O2), and thereby with a 
reduced external energy supply, and moreover, within a 
short period of time. Therefore, the collection of PM and 
the oxidation and elimination of PM can be repeated 

10 consecutivelywithasingle DPF utilizing the heat energy 
in the exhaust gas. In other words, the DPF 10U can be 
regenerated by removing PM through oxidation, all the 
way collecting PM continuously by. 
[0010] Besides, the continuous regeneration type 

15 DPF system (integrated NO2 regeneration type DPF 
system) 1 V shown in FIG.33 is an improvement of the 
. system 1 U shown in FIG. 32. In the system 1 V, the ox- 
idation catalyst 32A is applied to the wall surface of a 
wall flow type DPF 10V, and the oxidation of NO in the 

.20 exhaust gas and the oxidation of PM by NO2 are per- 
fornied on the wail surface. In the composition, the sys- 
tem issirtiplified, by omitting the upstream side oxidation 
catalyst 3Aa in FIG. 32, 

[0011] Then, a continuous regeneration type DPF 

25 system (DPF system provided with the PM oxidation 
catalyst) 1 W shown in FIG. 33 applies rear metal oxida- 
. tion catalyst 32A such as platinum (Pt) or the like and 
the PM oxidation catalyst 32B to the wall surface of a 
wall flow type DPF 1 0W. The oxidation of the PM is per- 

30 formed on the wall surface. The PM oxidation catalyst 
32B isacatalystfordirectthe PM oxidation by activating 
O2 in the exhaust gas, and is composed of cerium diox- 
ide or the like. 

[0012] Forthe continuous regeneration type DPFsys- 
35 tem 1W, the PM is oxidized by NOg using mainly a re- 
action of the oxidation catalyst 32A to oxidize NO to NO2 
in a low temperature oxidation range (about 350 **C to 
450 °C). The PM is oxidized by a reaction of the PM 
oxidation catalyst 328 to oxidize directly the PM by ac- 
40 tivating Og in the exhaust gas, in a central temperature 
oxidation range (about 400 °C to 600 ^'C). Also, The PM 
■ is oxidized by O2 in the exhaust gas in a high tempera- 
ture oxidation range (600 *»C or more) higher than the 
temperature of combustion of the PM by O2 In the ex- 
45 haustgas. 

[0013] These continuous regeneration type DPF sys- 
tems oxidize and eliminate the PM while collecting the 
PM by a DPF, by lowering the PM oxidation temperature 
through the use of the PM oxidation by cataiyst or by 

50 NOg. 

[0014] However, even in these continuous regenera- 
tion type DPF systems, it Is still necessary to raise the 
exhaust gas temperature to the order of 350 °C. Con- 
sequently, the aforementioned reaction does not gener- 
55 ate, and the DPF can not be regenerated by the PM ox- 
idation in an engine operation state with a low exhaust 
temperature or In an engine operation state with low NO 
exhaust, because the catalyst activity lowers due to the 
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decrease of the catalyst temperature or NO lacks, and 
the PM continues to be accumulated, causing the prob- 
lem of DPF clogging. 

[0015] For instance, in the idling operation, low speed 
or extremely low load operation when the engine break 
is operated on the downhill, the fuel is burned scarcely, 
a low temperature exhaust gas flows into the exhaust 
gas purification system, lowering the catalyst tempera- 
ture and deteriorating the catalyst activity. 
[0016] Especially, in the case of using a vehicle hav- 
ing a continuous regeneration type DPF system on 
board is used for door-to-door delivery service or the 
like dominated by the an urban area traveling, the DPF 
is clogged easily, because the engine is often operated 
with a low exhaust gas temperature. 
[0017] This operating condition is continued, then, the 
PM is accumulated without regenerating the DPF. And 
the clogging of the DPF causes the raise of the exhaust 
gas pressure and the deterioration of the fuel efficiency. 
Therefore, in thecontinuous regeneration type DPF sys- 
tem, the engine is controlled to raise the exhaust gas 
temperature to a temperature activating tiie catalyst, for 
eliminating by burning the PM eliminated in the D P F 
[0018] In addition, in the clogging of the DPF, the PM 
is accumulated unevenly causing problems. In short, the 
PM is not accumulated evenly all over the DPF, but the 
PM is accumulated more rapidly in an area where the 
gas flow rate is high and the temperature is locally low 
than the other areas in the DPF. 
[0019] To be more specific, in an exhaust gas purifi- 
cation system 20X as shown in FIG. 38, a cylindrical wall 
flow type staggered seal DPF 10X is supported by a 
DPF holding mat 32 and fixed to a cylinder case 31 for 
introducing an exhaust gas G into all of the cells 11a, 
11b from the total upstream surface of the DPF 1 0X. 
[0020] The exhaust gas purification system 20X is de- 
vised to introduce the exhaust gas G evenly into all of 
the cells 11a, 11b of the DPF 10X by diffusing the ex- 
haust gas G, however, the exhaust gas flow rate tends 
to increase in the central portion of the- DPF =1 OX and, 
also, the outer peripheral side of the DPF 1 0X tends to 
be cooled down by heat radiation, decreasing the tem- 
perature towards the downstream, and thus lowering 
the temperature by heat radiation. Consequently, the 
amount of accumulation increases in the outer periph- 
eral passage portion, and the downstream portion of the 
central portion of the exhaust gas inflow cross-section 
of the DPF 10X. 

[0021] Besides, in the regeneration mode operation, 
heat generation by the PM combustion becomes une- 
ven. In short, when the exhaust gas becomes hot during 
the regeneration operation in the regeneration mode op- 
eration or changes of the engine operation state, thecol- 
4e&ted PM becomes hot and is oxidized by or NO2 of 
the like in the exhaust gas; however, as the temperature 
distribution of the exhaust gas flowing in the DPF or the 
temperature distribution of the DPF Itself being uneven, 
the timing to start the oxidation of the PM or the heat 



generated by the oxidation tum to be different according 
to the place in the DPF. 

[0022] In case of a wall flow type DPF 1 0X as shown 
In FIG. 35, as it can be understood from an example of 

5 temperature distribution shown in FIG, 37, in the central 
passage portion, the PM in the exhaust gas is collected 
and accumulated easily and, moreover, hot exhaust gas 
enriched in NO2 flows in during the regeneration mode 
operation. So, in the central passage portion, the accu- 

10 mulated PM is oxidized actively, and the temperature of 
this portion is raised. Experiments have established that 
the downstream portion of the central passage portion 
becomes especially hot, and the temperature decreas- 
es towards the outer periphery or towards the upstream . 

15 [0023] In the high temperature generation portion, if 
the DPF temperature exceeds the heat resistance tem- 
perature (about 1450 C°) of the cordierite or the like 
forming the DPF, melting darinage is generated locally 
and partially. If the melding damage is generated, not 

20 only the PM collecting ability lowers, but also the portion 
susceptible to the PM accumulation moves around the 
melting damage portion, and the temperature of the pe- 
ripheral portion increased consecutively to expand the 
melting damage portion, causing a considerable prob- 

25 iem for the exhaust gas purification system. 

[0024] In addition, the thermal stress increases Wnhe 
DPF temperature distribution is uneven, and the repeat 
of this thermal stress generates the fatigue destruction 
of the DPF, decreasing its life, or the catalyst endurance 

30 temperature being exceeded, the catalyst deteriorates 
abnormally. 

[0025] The following speculation has been made con- 
cerning the local temperature elevation downstream the 
central portion. ' 

35 [0026] First, in respect of the PM collection, the ex- 
haust gas flow rate is high in the central portion, the ex- 
haust gas is hot and the PM can burn relatively easily 
in the exhaust gas while, downstream, the exhaust gas 
temperature lowers due to heat radiation or others, the 

40 PM can be collected easily without burning and accu- 
mulated downstream, and the clogging proceeds from 
the downstream to the upstream. 
[0027] In respect of the PM burning, upstream the 
central portion, the exhaust gas is relatively hot and the 

45 PM can burn easily as oxygen for its combustion is sup- 
plied abundantly. Consequently, if the PM burns up- 
stream, the heat generated by its combustion heats the 
exhaust gas moving downstream and, at the same time, 
the heat propagated from members of the DPF heats 

so the downstream portion of the DPF, Increasing the tem- 
perature of the DPF in its downstream portion. 
[0028] The temperature elevation promotes the PM 
combustion, increasing the temperature all the more. 
This is repeated consecutivel$^'^'^l$Wards the down- 

55 stream, the temperature of DPF and exhaust gas tem- 
perature increases towards the downstream in the cen- 
tral portion, increasing the downstream temperature in 
particular. 
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[0029] : It is considered that, in addition to tlie partial 
: increase of tlie PM accumulation amount and partial in- 
crease of heat generation, other factors such as low 
heat diffusion due to a low heat conductivity of the DP F 
material or a low heat capacity of DPF increasing tlie 
temperature easily, or the like may Involved in the partial 
generation of such a high temperature. 
[0030] Besides, in a DPF coated with a catalyst used 
for the continuous regeneration type DPF systems 1V, 
1 W or others of FIG. 33 or FIG. 34, as the PM oxidation 
capacity of the catalyst is activated by the inflow of the 
exhaust gas heated during the regeneration, the PM ac- 
cumulated in the DPF upstream area starts the oxidation 
and combustion. As the PM oxidation and combustion 
due to the catalyst effect are extremely rapid, a large 
amount of heat is generated within a short period of time, 
increasing further the temperature of the exhaust gas 
during the passage through the DPF upstream area. 
[0031] As the still heated exhaust gas flows in the 
downstream area (post-stream area) of the DPF and the 
downstream portion of the DPF is heated by the heat 
conducted from the DPF members, the PM accumulat- 
ed in the area oxidizes and burns all of suddenly. Con- 
sequently, the temperature of the DPF is raised partially 
and suddenly in the downstream area. 
[0032] If they try to lower the amount of the PM accu- 
mulation in order to avoid the abnonnally high temper- 
ature of the DPF, the volume of the DPF increases con- 
siderably, making difficult to load it on a vehicle, or, it 
becomes necessary to perfonn the regeneration control 
more frequently, deteriorating the fuel efficiency ex- 
tremely. 

[0033] Onthe other hand, it is known that the progress 
of DPF clogging can be delayed, if the DPF temperature 
can be raised even slightly, becausethe range of normal 
engine operation state other than the regeneration 
mode where the PM In the exhaust gas is burned, can 
be enlarged. Also, it is known that if the DPF tempera- 
ture distribution can be equalized, a local concentration 
of the PM accumulation can be avoided, allowing to 
equalize the heat generated during the combustion of 
collected PM, prevent a partial generation of high tem- 
perature and thus melting damage of DPF. 

SUMMARY OF THE INVENTION 

[0034] The present invention has an object to provide 
an exhaust gas purification system of excellent endur- 
ance capable of avoiding DPF melting damage or break- 
age, by equalizing the.heat distribution of the diesel par- 
ticulate filter.{DPF) and preventing an abnormally high 
temperature from generating partially. . 
[0035] In order to achieve the aforementioned object, 
in the present invention, the structure of ponlis^i^here 
particulate matter (the PM) accumulates easily and the 
temperature raises is partially modified, strong and 
weak catalyst oxidation power is used, the disposition 
of the exhaust gas communication passage is devised, 



and so on. 

[0036] First, conceming the partial modification of the 
DPF structure, exhaust gas passage prevention struc- 
ture, heat absorber, and heat diffusion portion of high 
5 heatconductivity are disposed in the portions of the DPF 
where the PM accumulates easily and the temperature 
raises easily. 

[0.037] Next, conceming the used of strong and weak 
catalyst oxidation power, the catalyst oxidation power to 

io be disposed in the DPF is composed so as to decrease 
in order, step-wise or continuously, from the upstream 
to the downstream of the DPF, or, from the outer periph- 
ery towards the center of the DPF. Besides, the exhaust 
gas temperature. is raised by accelerating the oxidation 

15 of NO or other components in the exhaust gas by a 
strong oxidizing catalyst, in the outer peripheral pas- 
sage wherethe exhaust gas cools downs by heat radi- 
ation and, at the same time, the exhaust gas tempera- 
ture elevation is limited by controlling the oxidation of 

20 NO or other components in the exhaust gas by a weak 
oxidizing catalyst, in the central passage where exhaust 
gas tends to become hot 

[0038] Then, concerning devises for the exhaust gas 
passage, the DPF is heated or kept warm by the.exhaust 

25 gasj by circulating the total amount of exhaust gas 
through the outer periphery and the central portion of 
the DPF,. and the DPF Is kept hot by the heat-retention 
effect, to promote the PM combustion. 
[0039] More in detail, the composition is as follows. 

30 [0040] First, in the exhaust gas purification system, 
the partial modifications of portions of the DPF where 
the PM tends to accumulate easily and where the tem- 
perature tends to raise easily, are performed in the fol- 
lowing composltion&. 

35 

1 ) In an exhaust gas purification system having a 
DPF to purify particulate matter in the diesel engine 
exhaust gas, it is so composed of an exhaust gas 
passage prevention structure installed in a portion 

40 where the PM in the exhaust gas is collected and 
accumulated easily and, at the same time, the tem- 
perature raises easily by oxidation of the accumu- 
lated PM, in the DPF. 

According to the composition, as the exhaust 

45 gas passage prevention structure for preventing the 
PM in the exhaust gas from accumulating is in- 
stalled in the portion where the temperature raises 
easily when the oxidation of the accumulated PM 
starts during the regeneration mode operation or 

50 the like, the exhaustgas does not flow in the portion. 
Therefore, the PM does not accumulate in the por- 
tion, avoiding the generation of a high temperature, 
and preventing the melting damage or combustion 
loss of the DPF. 

55 2) Also, in the aforementioned exhaust gas purifi- 
cation system, the DPF is a wall flow type filter hav- 
ing a number of exhaust gas passages whose pe- 
riphery is formed of porous wall surface and inlet 
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side and outlet side of ttie exhaust gas passage 
sealed in zigzag, and the exhaust gas passage pre- 
vention structure is instaHc' against the exhaust 
gas passage of the central portion of the exhaust 
gas inflow cross-section of the filter and, at the ^ 
sanne time, the exhaust gas passage prevention 
structure is stop sealed both at the upstream side 
and the downstream side of the exhaust gas pas- 
sage. 

The sealing at both sides of the exhaust gas io 
passage of the central portion prevents the exhaust 
gas from passing through the central portion of the 
DPF, the PM from accumulating in the central por- 
tion, and the melting damage due to a partial high 
temperature from generating. *5 

And the decrease of the purification rate can be 
prevented, because the whole exhaust gas Is fil- 
tered by making it pass through a wall having the 
filtering function. 

3) Otherwise, in the aforementioned exhaust gas 
purification system, the DPF is a wall flow type filter 
having a number of exhaust gas passages whose 
periphery is formed of porous wail surface and inlet 
side and . outlet side of the exhaust gas passage 
sealed in zigzag, and the exhaust gas passage pre- 
vention structure is installed against the exhaust 
gas passage of the central portion of Vne exhaust 
gas inflow cross-section of the filter and, at the 
same time, the exhaust gas passage prevention 
structure is made solid without the exhaust gas pas- 30 
sage. 

When the structure of the central portion of the 
DPF is made solid, the exhaust gas can not pass 
through the central portion without the exhaust gas 
passage, preventing the PM from accumulating in 35 
the central portion, and the melting damage due to 
a partial high temperature from generating. 

And, in the case, the heat capacity increases 
by making the central portion soiid, allowing the sol- 
id portion to absorb and store heat generated by the 
combustion of the PM accumulated in the surround- 
ing portion. Moreover, the solid structure of the cen- 
tral portion having a heat conductive function, the 
heat conduction allows to diffuse heat upstream and 
avoid a local heating of the surrounding portion. 45 

Besides, as the soiid portion is provided with 
thermal storage and heat conduction functions, 
heat stored during the DPF regeneration can be 
conducted to the upstream side and the surround- 
ing wail surfaces. As the heat conduction functions so 
in a direction to unifomi the DPF temperature in re- 
spect of time and space, the combustion of partic- 
ulate matter in the exhaust gas and collected par- 
. ticuiate matter can be promoted. 

4) In an exhaust gas purification system having a ss 
DPF to purify particulate matter in the diesel engine 
exhaust gas, it is so composed of a heat absorber 
Installed in a portion where the particulate matter in 



the exhaust gas is collected and accumulated easily 
and, at the same time, the temperature raises easily 
by oxidation of the accumulated particulate matter, 
in the DPF, or in a surrounding portion of the portion. 

The heat absorber is provided with at least one 
of thermal storage function and heat conduction 
function and, preferably, both functions. 

According to the composition, as the heat ab- 
sorber is installed in the portion where the temper- 
ature raises easily when the oxidation of the accu- 
mulated PM starts dunng the regeneration mode 
operation or the like, or in the surrounding portion 
of the portion, the generated heat can be absorbed 
by the heat absorber. Therefore, the local genera- ' 
tion of a high temperature can be avoided, and the 
melting damage of the DPF can be prevented. 

Also, heat stored during the DPF regeneration 
by the thennal storage function of the heat absorber 
can be conducted to the upstream side and the sur- 
rounding wall surface by the heat conduction func- 
tion of the heat absorber, the DPF temperature is 
uniformed in respect of time and space, the com- 
bustion of particulate matter in the exhaust gas and 
collected PM can be promoted even during the nor- 
mal operation, allowing to reduce the amount of PM 
accumulating in the DPF. 

Consequently, heat can be absorbed, andi dif- 
fused by a thick porous wall surface, even if a quan- 
tity of heat is generated momentously by a chain 
combustion of the PM, avoiding a local generation 
of a high temperature, and preventing the melting 
damage of the DPF. 

Moreover, the increase of thlckness of the po^ 
reus wall surface decreases the amount of PM ac- 
cumulating in a portion provided with the porous 
wall surface, and the heat generated by the com- 
bustion decreases as much. 

Furthermore, since the structure composed of 
the thick porous wall can bef onmed easily by chang- 
ing the type when molding the DPF, the expensive 
manufacturing cost can be avoided. 
5) Also, in the aforementioned exhaust gas purifi- 
cation system, the DPF is a wall flow type filter hav- 
ing a number of exhaust gas passages whose pe- 
riphery is formed of porous wall surface and inlet 
side and outlet side of the exhaust gas passage 
sealed in zigzag, and wherein the heat absorber is 
formed of a thick porous wall surface in the central 
portion of the exhaust gas inflow cross-section of 
the filter or the thick porous wall surface surround- 
ing the central portion. 

The thick porous wall surface can be disposed 
in ring-like or concentrfi^^fl^^iattice or double cross 
form, radical fonn or the (ike, and, in combination 
thereof, in the cross-section namely when viewed 
from the exhaust gas inflow direction. 

According to the composition, a heat absori^er 
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can be instalied, because the heat capacity increas- 
es and the themnal storage quantity also increases, 
by forming thick the thick porous wail surface of the 
exhaust gas passage (cell) in the central portion or . 
.of the portion surrounding the same. Consequently, 5 
The temperature rises slowly, even when a quantity 
of heat is generated momentously by a continuous 
combustion of the PM, because the thick porous 
wall surface can absorb heat. Moreover, the In- 
crease of heat passing cross-section area improves io 
the heat conductivity and facilitates the heat diffu- 
sion. Consequently, a local generation of a high 
temperature is avoided, allowing to prevent the 
melting damage of the DPR 

6) In an exhaust gas purification systehi having a is 
DPF to purify particulate matter in the dieset engine 
exhaust gas, it is so composed of a tieat diffusing 
member, presenting a higher heat conductivity than 
the DPF, disposed in contact with a portion where 
the particulate matter In the exhaust gas is collected 20 
and accumulated easily and, at the same time^ the 
temperature raises easily by oxidation of the accu- 
mulated particulate matter, in the DPR 

The DPF for purifying the PM In the exhaust gas 
is made porous with a ceramics such as cordierite 25 
or the like, presents a relatively low heat conductiv- 
ity and an insufficient heat diffusion, and a local gen- 
eration of a high temperatu re is frequent Therefore, 
the disposition of the heat diffusing member in con- 
tact with the hot portion lowers the temperature of 30 
the hot portion through heat diffusion and avoids the 
melting damage of the DPF. 

At the same time, it Is intended to equalize the 
temperature, especiaUy to equalize the radial tenn- 
perature distribution by transferring. heat to the low 35 
temperature portion of the DPF, through the heat 
diffusing member Whereby, the PM accumulation 
speed or the combustion speed can be uniformed. 
Moreover, portions where the temperature of the 
DPF is relatively high can be increased in order to 40 
promote the combustion of the PM in the exhaust 
gas or collected PM. . allowing to decrease the 
amount of PM accumulation. 

Consequently, an uneven PM accumulation or 
an uncontrolled combustion of the unevenly accu- 45 
mulated PM, then, the melting damage of the DPF 
provoked by the uncontrolled combustion of the PM 
or the thennal deterioration of the catalyst carried 
by the DPF can be avoided. . 

In the simplest composition of the heat diffusing so 
member is an aeration member composed of mesh 
or porous flat plate, and the same is installed in con- 
tact with the downstream side face including the 
downstream central portion (in cas^iten the DPF 
is a wall flow type filter) where the temperatu re rais- ss 
es easily, and it is so composed to diffuse the heat 
of the central portion towards the peripheral portion, 
in the downstream. 



7) Then, in the aforementioned exhaust gas purifi- 
cation system, the heat diffusing member is com- 
posed using metal, silicon nitride, and silicon car- 
bide as material! 

The heat diffusing member is preferably made 
of a material presenting a high heat conductivity and 
an excellent heat resistance, and aluminum titanate 
or other metals, silicone carbide, silicone nitride, 
alumina or others ceramics are particularly prefer- 
able. 

8) In the aforementioned exhaust gas purification 
system, the DPF is a wall flow type filter having a 
number of exhaust gas passages whose periphery 
is formed of porous wall surface and upstream side 
and downstream side of the exhaust gas passage 
sealed In zigzag, and wherein the heat diffusing 
member is composed of a stop sealing plate for 
sealing the downstream side in zigzag. 

In case where the DPF is a wall flow type filter, 
the downstream stop seal can be formed with a heat 
diffusing member The stop sealing plate is com- 
posed by sticking with adhesive to the DPF down- 
stream made of cordierite or the like, and the adhe- 
sive absorbs the difference of heat dilatation of the 
DPF and the stop sealing plate. 

9) Also, In the aforementioned exhaust gas purifi- 
cation system, the heat diffusing member is com- 
posed of a member having a filter function. 

For the upstream of the DPF where it is desired 
to bum PM by raising the temperature, a material 
presenting a low heat conductivity and an excellent 
thermal storage, and also, a low heat capacity and 
an excellent heat-up ability, namely cordierite or the 
like is preferable, in order to raise the temperature 
relatively rapidly. Then, for the downstream side 
where the temperature of the exhaust gas and the 
DPF increases due to the PM combustion in the up- 
stream, in contrast, a ceramic material such as sil- 
icone carbide, alumina or the like presenting a high 
heat conductivity and an excellent thermal diffusion, 
and also, a large heat capacity and a low heat-up 
ability, is preferable, in order to avoid an abnomrially 
high temperature. 

The composition allows to raise the tempera- 
ture relatively rapidly, in the upstream DPF, for ac- 
celerating the PM combustion, and to diffuse and 
store the heat, in the downstream DPF, for avoiding 
an abnormally high temperature. 

Besides, the DPF and the heat diffusing menri- 
ber having the filter function are bonded in a way to 
transfer heat regulariy; however, as the thermal ex- 
pansion rate is different in general, they are both 
bonded with an adhesive, and the adhesive ab- 
sorbs the difference in thermal expansion, 
- 1 0) in the aforementioned exhaust gas purification 
system, both of the DPF and the heat diffusing 
member are composed of a wall flow type filter hav- 
ing a number of exhaust gas passages whose pe- 



6 



.1312776A2_L> 



EP1 312 776 A2 



12 



11 

riphery Is formed of porous wall surface, wherein 
the upstream side and the downstream side of the 
exhaust gas passage are sealed rlgzag. 

In case where a first normal DPF presenting a 
relatively low heat conductivity and a second DPF s 
(heat diffusing member having filter function) com- 
posed of a heat diffusing member presenting a rel- 
atively high heat conductivity are made of a wall flow 
type filter which is stop sealed in zigzag, the com- 
position becomes simple, and the shape of the io 
bonding face can be made simply as a shape easy 
for the exhaust gas to flow. 

Next, the use of strong and weak catalyst oxi- 
dizing power Is performed in the following compo- 
sitions. 

11) The exhaust gas purification' system of the 
present invention Is an exhaust gas purification sys- 
tem having a DPF to purify particulate matter in the 
exhaust gas from a diesel engine by using a cata- 
lyst, wherein the oxidation power of the catalyst to 20 
be disposed In the DPF is composed so as to de- 
crease In order, step-wise or continuously, from the 
upstream to the downstream of the DPF. 

12) In addition, the exhaust gas purification system 

of the present invention is an exhaust gas purifica- 25 
tion system having a DPF to purify particulate mat- 
ter in the exhaust gas from a diesel engine by using 
a catalyst wherein the oxidation power of the cata- 
lyst to be disposed in the DPF is composed so as 
to decrease in order, step- wise or continuously, 50 
from the outer periphery towards the center side of 
the DPR 

13) Otherwise, the exhaust gas purification system 
of the present invention is an exhaust gas purifica- 
tion system having a DPF to purify particulate mat- ss 
terln the exhaust gas from a diesel engine by using 

a catalyst, wherein the oxidation power of the cata- 
lyst to be disposed in the DPF is composed so as 
to decrease in order, step-wise or continuously, 
from the outer periphery of the upstream end to- 40 
wards the central portion of the downstream end of 
. the DPF. 

1 4) Moreover, in the aforementioned exhaust gas 
purification system, the oxidation power of the cat- 
alyst is changed in three or more stages, or, contin- 45 
uously and, at the same time, the portion of the low- 
est oxidation power of the catalyst is formed by not 
disposing the catalyst. 

15) There, the aforementioned exhaust gas purifi- 
cation system can be applied to an exhaust gas pu- so 
rification system, wherein the DPF is a wall flow type 
filter having a number of exhaust gas passages 
whose periphery is formed of porous wall surface 
and, an inlet side and an outlet side of the exhaust 
gas passage sealed In zigzag. 

The change of the pxidation power of these cat- 
alyst can be realized by changing the kind of cata- 
lyst, or even If the same catalyst is used, by modi- 



fyingthe catalyst support density during the coating. 

There, heat generated by the PM oxidation and 
combustion is supplied to a portion where a catalyst 
of low oxidation power is disposed, through heat 
conduction or others from the heated exhaust gas, 
the upstream side and the outer periphery side to 
heating up the portion, allowing to activate sufficient 
even a catalyst of weal oxidation power, oxidize and 
burn PM. 

Moreover, as the oxidation power of the catalyst 
in the portion is weak, a rapid PM oxidation and 
combustion are avoided, preventing the tempera- 
ture of the portion from raising rapidly. As a result, 
DPF melting damage, combustion loiss, destruction 
or catalyst deterioration is also prevented. 

The change in the DPF of the oxidation power 
of the catalyst to be applied to the wall of cells of 
these DPFs can prevent a local high temperature 
from generating by avoiding an abnormal combus- 
tion of PM, in the case of DPF regeneration consist- 
ing in elimination by oxidation of PM collected and 
accumulated in the DPF, allowing to prevent DPF 
melting damage, combustion loss, destruction or 
catalyst deterioration. 

16) In an exhaust gas purification system compris- 
ing an oxidation catalyst converter in the upstream 
of the exhaust gas passage and a DPF to purify par- 
ticulate matter In the exhaust gas from a diesel en- 
gine in the downstream, the oxidation catalyst con- 
verter and the DPFarefonned into a cylinder-shape 
in which the exhaust gas enters in the upstream end 
portion and exits from the downstream end portion 
and, at the same time, it is so composed that the 
outer peripheral passage portion of the oxidation 
catalyst converter supports a strong oxidation cat- 
alyst, and the central passage portion a weak oxi- 
dation catalyst respectively. 

For these strong oxidation catalyst and weak 
oxidation catalyst, the one presenting a stronger ox- 
idation catalyst effect Is called strong oxidation cat- 
alyst, and the other presenting a weaker oxidation 
catalyst effect is called weak oxidation catalyst in 
comparison of two catalysts. There, both catalysts 
can be fonned by using different kinds of catalyst, 
or the same kind of catalyst, by changing the sup- 
port density or support concentration. 

According to the composition concerning a con- 
tinuous regeneration type DPF system such as NO2 
regeneration type DPF, as the outer peripheral pas- 
sage portion where the exhaust gas temperature 
tends to lower easily through heat radiation or the 
like supports a strong oxidation catalyst, a high ox- 
idation effect proigf^QlSes^the oxidation of PM or NO 
components or others in the exhaust gas, and rais- 
es the exhaust gas temperature largely. Oh the oth- 
er hand, the central passage portion where the ex- 
haust gas temperature tends to raise easily sup- 
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ports a weak oxidation catalyst, a low oxidation ef- 
fect retards the oxidation of PM or NO components 
or others in the exhaust gas, and raises the exhaust 
gas temperature slowly. 

Consequently, the exhaust gas which has the 5 
higher temperature and is rich in NOg flows in the 
outer peripheral passage, and the exhaust gas 
which has the lower temperature and is poor in NO2 
flows In the central side passage, enters with central 
side passage, when the exhaust gas passed 10 
through the oxidation catalyst converter enters the 
DPR 

Therefore, during the normal mode operation, 
an exhaust gas hotter. In comparison to the central 
portion flows In the outer peripheral portion which is 
tends to cool down easily through a large heat ra- 
diation, in the DPF, equalizing the temperature dis- 
tribution in the DPF viewed as a whole. The equal- 
ization enlarges the area equal or superior to a fixed 
temperature ailowi ng to burn PM in the exhaust gas, 20. 
in the DPF, and increases the amount of PM burned 
without being collected. 

Also, In the regeneration mode operation for in- 
creasing NO component and raising the exhaust 
gas temperature, the oxidation reaction is promoted 25 
in the outer peripheral portion of the oxidation cat- 
alyst converter, raising the temperature of the ex- 
haust gas passing through the DPF outer peripheral 
passage portion,. and increases NO2. Consequent- 
ly, collected PM bums rapidly and the temperature so 
elevation becornes earlier. 

On the other hand, as the oxidation reaction is 
limited in the central passage portion, the tempera- 
ture elevation of the exhaust gas passing through 
the DPF centra! passage is controlled, and NO2 is 35 
also limited. Therefore, collected PM burns slowly, 
preventing an abnormally high temperature from 
generating. 

Consequently, PM oxidation reaction is also 
promoted In the outer peripherai side and limited in 
the central portion for a gentle reaction during the 
regeneration mode operation in the DPF and, there- * 
fore, the temperature distribution in a DPF present- 
ing a relatively high heat radiation in the outer pe- 
ripheral side will be equalized when viewed as a 
whole. 

There, as the equalization of the DPF temper- 
ature distribution enlarges the area equal or supe- 
rior to a fixed temperature allowing to bum PM in 
the exhaust gas in the oxidation catalyst converter so 
or the DPF, during the normal engine operation, and 
enlarges the area where the PM in the exhaust gas 
is burned without being collected, and, in the regen- 
eration mode operation, an^q^^wmally high tehi- 
perature will not be generated, and the melting ss 
damage can be avoided. 

Moreover, the equalization of temperature dis- 
tribution in the oxidation catalyst converter and the 



DPF, the magnitude of generated heat stress Is also 
limited, in a way to improve the endurance perform- 
ance of the exhaust gas purification system, and its 

life becomes longer. 

1 7) Or, In an exhaust gas purification system having 
a DPF to purify particulate matter in the exhaust gas 
from a diesel engine In the exhaust gas passage 
and disposing an oxidation catalyst in the exhaust 
gas passage of the DPF, wherein the DPF is formed 
into a cylinder-shape in which the exhaust gas en- 
ters in the upstream end portion and exits from the 
downstream end portion and, at the same time, it is 
so composed that the outer peripheral passage por- 
. tion of the DPF supports a strong oxidation catalyst, 
and the central passage portion a weak oxidation 
catalyst respectively 

In the composition concerning a continuous re- 
generation type DPF system such as integrated 
NO2 regeneration DPF system, DPF system with 
PM oxidation catalyst or others also, the oxidation 
of PM and other components such as NO In the ex- 
haust gas or the oxidation of collected PM is pro- 
moted in the outer peripheral passage portion sup- 
porting a strong oxidation catalyst and limited in the 
central passage portion supporting a weak oxida- 
tion catalyst, in the DPF, the temperature distribu- 
tion in the DPF will be equalized when viewed as a 
whole. 

Consequentiyi the area allowing to burn PM in 
the exhaust gas during the normal engine opera- 
tion, and the melting damage due to an abnomrially 
high temperature combustion which Is often gener- 
ated In regeneration mode operation can also be 
avoided. 

1 8) Then, in the aforementioned exhaust gas puri- 
fication system, the strong oxidation catalyst is 
made of a rear metal system oxidation catalyst, 
while the weak oxidation catalyst is made of an ox- 
ide system oxidation catalyst. According to the com- 
position, the strong oxidation catalyst and the weak 
oxidation can be supported respectively in the ex- 
haust gas passage by the oxidation catalyst con- 
verter, filter with catalyst, or the like. 

Besides, even when the same oxidation cata- 
lyst is used, by changing the concentration or den- 
sity supported by the same, the higher supported 
concentration can betaken as strong oxidation cat- 
alyst, while the lower supported concentration can 
be taken as weak oxidation catalyst. 

19) In the aforementioned exhaust gas purification 
system, the transversal cross-section area of the 
outer peripheral passage portion supporting the 
strong oxidation catalyst is made into 0.5 to 1 .0 time 
of the transversal cross-section area of the central 
passage portion supporting the weak oxidation cat- 
alyst. 

If the portion designed to support a strong oxi- 
dation catalyst made of a rear metal system oxida- 
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tion catalyst and the portion designed to. support a 
weak oxidation catalyst made of an oxide system . 
oxidation catalyst are set to tlie ratio, th-^ oxidation 
efficiency by the catalyst effect and a satisfactory 
temperature distributfon formation in the DPF can 5 
be maintained in a weil-baianced state. 

Namely, when the area ratio is set less than 0.5 
times, the central passage portion of the DPF be- 
comes excessively hot, the portion of weak oxida- 
tion catalyst becomes dominant decreasing the ox- fo 
idation efficiency, and enlarging the portion support- 
ing the oxidation catalyst. While, if the area ratio ex- 
ceeds 1 .0 time, outer peripheral passage portion of 
the DPF becomes excessively hot, causing prob- . 
I ems of heat-retention or others. " f5 

20) And, it can be applied more effectively to a case 
where the DPF is a wall flow type filter having a 
number of exhaust gas passages whose periphery 
Is formed of porous wail surface and an inlet side 
and an outlet side of the exhaust gas passage 20 
sealed In zigzag. 

Other than the wall flow type filter, the DPF 
formed into a cylinder-shape in which the exhaust 
gas enters in the upstream end portion and exits 
from the downstream end portion includes also met- 25 
al filter or SIC filter. 

It should be noted that oxidation catalyst rnay 
be supported by the oxidation catalyst converter or 
the DPF, by clearly dividing the support range of 
strong oxidation catalyst and the support range of so 
weak oxidation catalyst, however, it can also be 
supported in a way to transit progressively form the 
strong oxidation catalyst to the weak oxidation cat- 
alyst step-wise or continuously from the outer pe- 
riphery side to the central side. 

Then, inventions for the exhaust gas passage 
are performed by the following composition. 

21) In an exhaust gas purification system, wherein 
the DPF to purify particulate matter in the exhaust 
gas from an engine is composed of a wall fjow type 
filter having an Inlet side and an outlet side of a plu- 
rality of cells whose periphery is formed of porous . 
wall surface sealed in zigzag, and wherein an outer 
peripheral passage is disposed in the outer periph- 
eral portion of the DPF and a central passage in the 45 
central portion respectively, and it is so composed 
that exhaust gas passes through the gas inlet pas- 
sage, the outer peripheral passage, the cells, the 
central passage and the gas exit passage In this or- 
der, so 

The DPF may be a nomnal DPF, or a DPF with 
a catalyst such as oxidation catalyst, namely cata- 
lytic DPR 

Also, the outer peripheral passage can be . 
formed simply by adopting a composition wherein ss 
stop seals before and after the cell in an area along 
the outer periphery of the cylindrical body are re- 
moved, however a composition to provide a pas- 



sage between the outer periphery of the DPF and 
the case of the exhaust gas purifteation system, 
namely, to dispose a passage outside the DPF may 
also be adopted. 

If the outer peripheral passage is composed to 
be installed out of the DPF, portions important for 
the purifying and more vulnerable than the other 
portions can be protected and even when the out- 
side of the exhaust gas purification system is dam- 
aged during the transport or installation of the ex- 
haust gas purification system, the purifying capacity 
will not be damaged. 

The central passage also can be formed simply 
by adopting a composition wherein stop seals be- 
fore and after the cell in an area along the central 
axis of the DPF are removed, however, the DPF 
may be formed hollow, for using the hollow portion 
as central passage. 

According to the composition, the. whole quan- 
tity of exhaust gas flows in the outer peripheral side 
of the DPF and then passes through the cell of the 
bPF and further passes through the central pas- 
sage allowing to heat or keep hot the DPF from the 
peripheral side with the exhaust gas passing 
through the outer peripheral passage of the DPF 
and therefore to uniform the temperature of the 
whole DPR 

The heat-retention effect allows to keep high 
the temperature of the DPF and the temperature of 
the exhaust gas passing through the cell in the DPF 
and, thereby, to promote the combustion of PM In 
the exhaust gas or collected PM. Therefore, the 
amount of PM accumulation during the normal op- 
eration can be reduced. In addition, the period of 
time of regeneration mode operation for oxidizing 
and removing collected PM can also be reduced. 
Then, as the whole quantity of exhaust gas passes 
through the ceil of the DPF, the purifying efficiency 
is prevented from lowering. 

Moreover, in an exhaust gas purification sys- 
tem,. as a central passage is installed in the central 
portion of the DPF which tends to become hot to let 
the exhaust gas pass through without collecting 
PM, the melting damage of the DPF in the portion 
can be avoided. 

22) In the aforementioned exhaust gas purification 
system, the disposition of oxidation catalyst in the 
outer peripheral passage permits to heat the outer 
peripheral side of the DPF with oxidation reaction 
heat due to the oxidation catalyst, and, to econo- 
mize the space for disposing the oxidation catalyst. 

In the case, in the case of outer peripheral pas- 
sage formed by removing stop seals before and af- 
ter the celPl#«iPiirea along the outer periphery of 
the DPF, the oxidation catalyst is supported by the 
waif surface of the cell; however, in the case of in- 
stalling a passage outside the DPF, it is preferable 
to compose as follows. 
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23) In the aforementioned exhaust gas purification 
system, for disposing an oxidation catalyst in the 
outer peripheral passage, the oxidation catalyst Is 

supported by a ceramic or metal honeycomb struc- 
ture formed separately from the DPF, and the hon- 5 
eycomb structure is disposed In the out^r peripheral - 
passage. 

In the case, as the oxidation catalyst support 
step can be separated form the DPF fonnation step, 
the oxidation catalyst can be disposed in the outer io 
peripheral passage relatively easily. 

24) In the aforementioned exhaust gas purification 
system, a relief valve is disposed at least one of a 
passage wail between an outside chamber commu- 
nicating the outer peripheral passage with the cell is 
and the gas exit passage, or a passage wall be- 
tween an inside chamber communicating the cell 
and the central passage, and the gas inlet passage, 

so that the exhaust gas bypasses the filter, when 
the clogging of the filter progresses and increases 20 
the pressure. 

The disposition of the relief valve, allows to 
avoid an excessive elevation of the engine exhaust 
pressure, when the filer is clogged excessively due 
to an abnormal accumulation of particulate matter. 25 
In addition, if the position of the relief valve, is po- 
sitioned at the position of the aforementioned pas- 
sage wall, a canalization for disposing the relief 
valve becomes unnecessary, allowing to make the 
exhaust gas purification system more compact. 30 

25) Otherwise, In an exhaust gas purification sys- 
tem wherein the DPF to purify particulate matter In 
the exhaust gas from an engine is composed of a 
wall flow type filter having an inlet side and an outlet 
side of a plurality of cells whose periphery is formed 
of porous wall surface sealed in zigzag, and wheiie- 
in an outer peripheral passage is disposed In the 
outer peripheral portion of the DPF and a central 
passage in the central portion respectively, and it is 

so composed that exhaust gas passes through the 40 
gas inlet passage, the central passage, the cells, 
the outer peripheral passage and the gas exit pas- 
sage in this order. 

26) In the exhaust gas purification system, an oxi- 
dation catalyst is disposed in the central passage. 45 

27) Then, for disposing an oxidation catalyst in the 
central passage, the oxidation catalyst is supported 
by a ceramic or metal honeycomb structure formed 
separately from the filter, and the honeycomb struc- 
ture is disposed In the central passage. so 

28) Further, in the aforementioned exhaust gas pu- 
rification system, a relief valve is disposed at least 
one of a passage wall between an outside chamber 
communicating the cell^^jy^^y he. outer peripheral 
passage and the gas inlet passage, or a passage ss 
wall between an inside chamber communicating the 
central passage and the cell, and the gas exit pas- 
sage, so that the exhaust gas bypasses the filter, 



when the clogging, of the fitter progresses and in- 
creases the pressure. 

The outer peripheral passage or central pas- 
sage in these compositions can be formed similarly 
as the above-mentioned exhaust gas purification 
system, and the composition is different from the 
above-mentioned exhaust gas purification system 
in that the exhaust gas passes first through the cen- 
tral passage, then passes in the cell and passes 
through the outer peripheral passage, and, that the 
portion where the oxidation catalyst is disposed is 
the central passage. 

In these compositions, as the central passage 
is upstream, and, the oxidation catalyst Is also dis- 
posed in the central passage, the central portion 
side is heated by the heat of the exhaust gas and 
the heat generated by the oxidation reaction of sub- 
stances in the exhaust gas and, thereafter, the ex- 
haust gas having passed through the ceil flows 
through the outer peripheral passage and the pe- 
ripheral portion of the DPF can be kept hot and heat- 
ed with the exhaust gas. 

29) A disposition of a thennal insulation layer on the 
outer surface of the aforementioned exhaust gas 
purification system can enhance the thermal reten- 
tion effect.and, at the same time, prevent thermal 
damage of peripheral vehicle components disposed 
outside the exhaust gas purification system by the 
heat from the exhaust gas. Besides, the thermal in- 
sulation layer having also a normal noise reduction 
effect can serve for prevention of noise. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG, 1 is a schematic composition drawing of a DPF 
of an exhaust gas purification system of a first em- 
bodiment according to the present invention, (a) is 
a perspective view including a partial cross-section, 
(b) is a front view, and (c) is a back view; 
FIG. 2 is a schematic lateral cross-section of the 
DPF. of FIG. 1 ; 

FIG. 3 is a schematic composition drawing of a DPF 
of an exhaust gas purification system of a second 
embodiment according to the present invention, (a) 
is a perspective view including a partial cross-sec- 
tion, (b) Is a front view, and (c) is a back view; 
FIG. 4 is a schematic lateral cross-section of the 
DPF of FIG. 3; 

FIG. 5 is a schematic composition drawing of a DPF 
of an exhaust gas purification system of a third em- 
bodiment according to the present invention, (a) is 
a front view, (b) is a back view and (c) Is a lateral 
cross-section; 

FIG. 6 is a schematic composition drawing of a DPF 
of an exhaust gas purification system of a fourth em- 
bodiment according to the present invention, (a) is 
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a front view, and (b) Is a back view; 
FIG. 7 is a schematic composition drawing of a DPF 
of an exhaust gas purification system of a fiftli em- 
bodiment according to the present invention, (a) is 
a front view, and (b) is a back view; ^ 
FIG. 8 is a schematic perspective view of a DPF of 
an exhaust gas purification system of a sixth em- 
bodiment according to the present invention includ- 
ing a partial cross-section; 

FIG. 9 is a schematic lateral cross-section of the io 
DPF of FIG. 8; 

FIG. 10 is a schematic perspective view of a DPF 
of an exhaust gas purification system of a seventh 
embodiment according to the present invention in- 
cluding a partial cross-section; 
FIG. 11 is a schematic lateral cross-section of the 
DPF of FIG. 10; 

FIG. 12 is a schematic perspective view of a DPF 
of an exhaust gas purification system of an eighth 
embodiment according to the present invention in- 20 
eluding a partial cross-section; 
FIG. 13 is a schematic lateral cross-section of the 
DPFofFlG. 12; 

FiG. 14 is a schematic lateral cross-section show- 
ing another example of the DPF of the exhaust gas 25 
purification system of the eighth embodiment ac- 
cording to the present Invention; 
FIG. 15 is a schematic lateral cross-section show- 
ing another example of the DPF of the exhaust gas 
purification system of the eighth embodiment ac- 30 
cording to the present invention; 
FIG. 16 is a schematic lateral cross-section show- 
ing another example of the DPF of the exhaust gas 
purification system of the eighth embodiment ac- 
cording to the present invention; 3S 
FIG. 17 is a schematic isothermal diagram showing 
a state of temperature distribution in a lateral cross- 
section of the DPF of the exhaust gas purification 
system of the sixth embodiment according to the 
present invention; 

FIG. 18 Is a schematic perspective view of a DPF 
of an exhaust gas purification system of a ninth em- 
bodiment according to the present Invention includ- 
ing a partial cross-section; 

FIG, 19 is a schematic perspective view of a DPF 45 
of an exhaust gas purification system of a tenth em- 
bodiment according to the present Invention Includ- 
ing a partial cross-section ; 

FIG. 20 Is a schematic perspective view of a DPF 
of an exhaust gas purification system of an eleventh so 
embodiment according to the present invention in- 
cluding a partial cross-section; 
FiG. 21 is a flow chart diagram showing an exanfiple 
of regeneration control flow of a continuous regen- 
eration type DPF system according to the present ss 
invention; 

FIG, 22 is a lateral cross-section showing a sche- 
matic composition of an exhaust gas purification 



system of a twelfth embodiment according to the 
present invention; 

FIG. 23 is a schematic persp^^-tive view of an oxi- 
dation catalyst converter of FIG. 22 including a par- 
tial cross-section ; 

FIG. 24 is a lateral cross-section showing a sche- 
matic composition of an exhaust gas purification 
system of a thirteenth embodiment according to the 
present invention; 

FIG. 25 is a lateral cross-section showing a sche- 
matic composition of an exhaust gas purification 
system of a fourteenth embodiment according to 
the present invention; 

FIG. 26 is a schematic composition drawing of an 
exhaust gas purification system of a fifteenth em- 
bodiment according to the present invention, 
wherein an outer peripheral passage is disposed 
outside the DPF; 

FIG, 27 is a schematic composition drawing of the 
exhaust gas purification system of the fifteenth em- 
bodiment according to the present invention, 
wherein the outer peripheral passage is formed by 
removing stop seals from the outer peripheral por- . 
tion of the DPF; 

FIG. 28 is a schematic composition drawing of the 
exhaust gas purification system of the fifteenth em- 
bodiment according to the present invention, 
wherein a honeycomb structure Is inserted in the 
outer peripheral passage provided separately from 
the DPF; 

FIG, 29 is a schematic composition drawing of an 
exhaust gas purification system of a sixteenth em- 
bodiment according to the present invention, 
wherein an central passage is composed of a hol- 
low portion of the DPF; 

FIG. 30 is a schematic composition drawing of the 
exhaust gas purification systern of the sixteenth em- 
bodiment according to the present invention, 
wherein a honeycomb structure provided separate- 
ly is inserted jn the hollow portion of the DPF; 
FIG. 31 Is a schematic composition drawing of the 
exhaust gas purification systerp of the sixteenth em- 
bodlnnent according to the present Invention, 
wherein a honeycomb structure is attached to an 
inlet member, and inserted in the hollow portion of 
the DPF during the mounting; 
FIG. 32 is a composition diagram showing an ex- 
ample of a continuous regeneration type DPF sys- 
tem where an oxidation catalyst of the prior art is 
disposed; 

FIG. 33 is a composition diagram showing an ex- 
ample of a continuous regeneration type DPF sys- 
tem provided with a DPF with oxidation catalyst of 
the pridf^f 

FIG. 34 Is a composition diagram showing an ex- 
ample of a continuous regeneration type DPF sys- 
tem provided with a DPF with PM oxidation catalyst 
of the prior art; 
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FIG. 35 is a schematic composition drawing of a 
' : : waU flow type DPF, (a) is a perspective view includ- 
ing a partial cross-section, (b) is a front view, r.nd 
(c) Is a back view; 
. FIG. 36 is a sciiematic lateral cross-sectlan of the 
• . DPF of FIG. 35; 

FIG. 37 is a schematic Isothemial diagram showing 
a . state of temperature distribution, during the re- 
generation of 'the DPF of the prior art; and 
FIG. 38 is a lateral cross-section of an exhaust gas 
purification system of the prior art to which the DPF 
of FIG. 35 is attached. 

. DETAILED DESCHIPTION OF THE PREFERRED 
■EMBODIMENT 

[0042] Now, the exhaust gas purification system of the 
• embodiments 1 to 16 according to the present invention 
shall be described taking a case where the DPF is a wall 
flow type filer as example and referring to drawings. 
[0.043] First, the exhaust gas purification system of the 
enibodiments 1 to 8 concerning partial modifications of 
; portions of the DPF where particulate matter (PM) tends 
to accumulate easily and where the temperature tends 
to raise easily shall be described referring to FIG. 1 to 
FIG. 17. 

[0044]. The wall flow type DPF used for the exhaust 
gas purification system of the first and the second em- 
bodirhents, as shown in FIG 1 to FIG 4,. has a number 
of exhaust gas passages 11a, lib whose periphery is 
formed of porous wall surface 12 and, at the same time, 
is formed by stop sealing in zigzag 13 an inlet side 15 
and an outlet side 16 otthe exhaust gas passages (cells) 
11 a, 1.1 b, and Is used by incorporating In an exhaust 
gas purification systems 1 A, 1B, tC or others as shown 
in FIG. 32 to FIG. 34. 

[0045] There, in these embodiments, it is composed . 
by installing an exhaust gas passage prevention struc- 
ture, against the exhaust gas passages 11a, 11b in the 
central portion of the exhaust gas inflow portion of the 
DPF 10A, 10B. 

[0046] It should be noted that, in FIG. 1 and FIG. 3, 
the exhaust gas passage prevention structure Is in- 
stalled, against thirteen exhaust gas passages 1 1 a, 11 b 
in the central portion. 

[0047] First, the DPF 1 0A to be used for the exhaust 
gas purification system of the first embodiment shov/n 
in FIG. 1 and FIG. 2 shall be described. 
[0048] In the composition, the exhaust gas passage 
prevention structure is composed by stop sealing 13A 

: both the upstream side and the downstream side of the 
cell 11a, l ib of the central portion G of the DPF 10A, so 
that the exhaust gas G cannot enter in the cells. 11a, 

. - 1 1 b of the central portioii^^hereof. 
[0049] Thanks to the:composrtion,.as the exhaust gas 
G does not-pass through the cell 1 1 a, 11 b of the central 
portion G, PM in the exhaust gas G will not be collected 
and accumulated. Therefore, a local high temperature 



due to combustion of the collected PM is prevented from 
generating^ avoiding the melding damage of the central 
portion Oof the DPF 1 0A. ' 
[0050] Also, the obstruction of the passage of the ex- 

5 . haust gas G makes the exhaust gas G flowing toward 
the central portion C is directed around the central por- 
tion O of the stop seal 13A, the whole exhaust gas G 
can be filtered by making It pass through a wall face 1 2 
having the filtering function of the DPF 1 0A. 

io [0051] Next, the DPF 10Bto be used for the exhaust 
gas purification system of the second embodiment 
shown In FIG. 3 and FIG. 4 shall be described. 
[0052] In the composition, an exhaust gas passage 
prevention structure Is Installed by forming the central 

^5 portion C of the DPF 1 0B with a solid structure 17, and 
composing so that the exhaust gas passage be absent 
in the central portion C. 

[0053] Due to the composition, as there is no more 
passage for the exhaust gas G to pass, in the central 

20 portion G. PM also will not accumulate no more. 

[0054] According to the composition, effects similar to 
the DPF 1 0A. used for the first embodiment can be ex- 
pected, and furtherrhore, the formation ofthe solid struc- 
ture 17 increases the heat capacity, allowing to absorb 

25 and accumulate by the solid portion C heat generated 
through combustion of PM accumulated around the cen- 
tral portion C and also to diffuse by heat conduction, 
hence, a local high temperature around the central por- 
tion C is prevented. 

30 [0055] Also, as the solid portion 17 has heat accumu- 
lating function and heat conducting function, and acts in 
a temporal and spatial homogenlzation direction of the 
DPF. temperature, by conducting accumulated heat to 
the upstream side and the surrounding wall face, thus 

35 allowing to promote the combustion of PM in the exhaust 
gas G and collected PM. 

[0056] Next, the DPF for the exhaust gas purification 
system of third to fifth embodiments shown in FIG. 6 to 
FIG. 7, is composed by installing a heat absorbers 17C, 

40 1 7D, 1 7E in the central portion C of the exhaust gas In- 
flow portion and in the surrounding portion of the central 
portion C, ofthe DPFs 10C, 10D, 10E. 
[0057] First, the DPF 1 0C to be used for the exhaust 
gas purification system of the third embodiment shown 

45 in FIG. 5 shall be described. 

[0058] in the composition, a heat absorber 17C 
formed by increasing the wall thickness of the porous 
• wall face 1 2. is provided in a well curb shape, surround- 
ing the central portion 0 of the exhaust gas inflow face 

50 of the DPF 1 DC, namely portion where the temperature 
tends to raised, when the oxidation of accumulated par- 
ticulate matter has started, during the regeneration 
mode operation or others. 

[0059] Due to the composition, heat generated in the 
•55 central portion C Is absorbed and accumulated by the 
heat absorber 1 7C, and conducted to the outer periph- 
eral portion, preventing the central portion G from be- 
coming partially hot, and the DPF 100 from melting 
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damage. 

[0060] Also, as heat accumulated during the DPF re- 
generation by the heat accumulating function of the heat 
absorber 1 7C is conducted to the upstream side and the 
surrounding wall face 1 2 by the heat conducting function 
of the heat absorber 17C, the temperature of the DPF 
1 DC is directed to a temporal and spatial homogeniza- 
tlon direction, allowing to promote the combustion of 
particulate matter in the exhaust gas and the combus- 
tion of collected particulate matter during the nomial op- 
eration. Consequently, the amount of accumulation of 
particulate matter decreased, the regeneration mode 
operation interval becomes longer, allowing to improved 
the durability and the fife. 

[0061 ] Next, the DPF 1 0D to be used for the exhaust 
gas purif ication system of the fourth embodiment shown 
In FIG. 6 shall be described. 

[0062] In the composition; a heat absorber 1 70 is pro- 
vided cylindrically surrounding the central portion C of 
the DPF 10D. The heat absorber 17D is made of the 
same material as the porous wall face 12 and forrhed 
similarly, but heat accumulating function and heat con- 
ducting function are improved compared to the porous 
wall face 12, by increasing the wall face thickness. 
[0063] Due to the composition, heat generated in the 
central portion C is absorbed and accumulated by the 
heat absorber 17D, preventing the central portion C 
from becoming partially hot, and thereby the melting 
damage of DPF can be avoided. 
[0064] Next, the DPF 1 0E to be used for the exhaust 
gas purification system of the fifth embodiment shown 
in FIG. 7 shall be described. 

[0065] In the composltfon, a heat absorber 1 7E is pro- 
vided crossing at the central portion C of the DPF 1 0E. 
The heat absorber 1 7E is made of the same material as 
the porous wall face 12 and fomned similarly, but heat 
accumulating function and heat conducting function 
thereof are improved compared to the porous wall face 
12, by increasing the wall thickness. 
[0066] In accordance with the composition, the heat 
generated through combustion of PM accumulated 
around the central portion C jcab. be absorbed and ac- 
cumulated by the heatajsjsorber 17E and diffused by the 
heat transmission, thereby preventing the surrounding 
of the central portion C from heating locally. 
[0067] Also, as the heat absorber 1 7E has heat accu- 
mulating function and heat conducting function, and 
acts in a temporal and spatial homogenization direction 
of the DPF temperature, by conducting accumulated 
heat to the upstream side and the surrounding porous 
wall face, thus allowing to promote the combustion of 
PM in the exhaust gas G and collected PM. 
[0068] Furthermore, in the composition, as the ex- 
haust gas passage 11 a,. 11 b in the central portion C is 
reduced, PM accumulating in the central portion C also 
reduces. 

[0069] Though in the aforementioned description, the 
heat absorber 1 7C, 1 7D, 1 7E is made of the same ma- 



terial as the porous wall face 12; however, it may also 
made of other material, for instance, stainless steel of 
metal material or ceramic material. In adH»*'cn, concem- 
Ing the shape, it may be molded integrally, or may be 

5 fonned separately and then integrated by assembly. 
[0070] The disposition of heat absorber 17C, 17D, 
1 7E is not limited to well curb, lattice, concentric, ring or 
radical form, but it may also be disposed In anotherform 
or in a combined form. 

10 [0071] Then, the DPF of the exhaust gas purification 
system of the sixth to eighth embodiment shown in FIG. 
8 to FIG. 16 is composed by providing a heat diffusion 
member 30F to SOL, against the downstream side of the 
DPF 10F, 10G.. 

15 [0072] The heat diffusing member to be used for the 
exhaust gas purification system of the sixth embodiment 
is an aeration member 30F such as aerating heat resist- 
ant metal mesh or porous flat plate .using alloy of alumi- 
num, aluminum titanate or other metals, silicone car- 

20 bide, alumina or others ceramics as material, abutted to 
the face of the downstream side 16 of the DPF ICR It 
may bonded by ah adhesive, but it may also be disposed 
so as to come into contact. Nahnely, it is so disposed to 
improve the efficiency of heat conduction. 

25 [0073] The heat diffusion member 30F may be a sin- 
gle plate, but a plurality of rhembers may also be lami- r 
nated. Especially, in the case of metal mesh, it is lami- 
nated preferably in order to secure an appropriate heat 
conduction characteristic and heat capacity. 

30 [0074] If the composition is adopted, the difference of 
heat expansion between the DPF 1 0F and the heat dif- 
fusion member 30F can be absorbed by the friction be- 
tween planes each other. 

[0075] There, according to the composition, as the 

35 heat can be diffused in a direction to unifomn the DPF 
heat distribution, especially radial heat distribution, and, 
particulate matter (PM) collection speed and combus- 
tion speed, a temperature distribution as shown in FIG. 
1 7 can be obtained. The comparison between the tem- 
. 40 perature distribution and the heat distribution of the DPF 
1 0X of the prior art as shown in FIG. 37 demonstrates 
a considerable ir^iprovement. . 
[0076] As shown In FIG. .1 0 and FIG. .1 1 , the heat dif- 
fusing member to be used for the seventh embodiment 

45 is composed of a stop sealing plate. SpG having a stop 
sealing protrusion 13B disposed in zigzag, using alloy 
of aluminum, aluminum titanate or other metals, silicone 
carbide, alumina or others ceramics as material. 
[0077] The stop sealing plate 30G is Inserted and 

50 bonded from the downstream side 1 6 of the DPF 1 0G , 
and the outlet portion 1 6b of the downstream side 1 6 of 
the DPF 10G is sealed in zigzag with the stop sealing 
protrusion 13G. In the composition, the bonding is real- 
ized b^l^^iim^heslve 40, for absorbing the generation of 

55 gap due to the difference of heat expansion between the 
DPF 10G and the stop sealing plate 30G. 
[0078] There, according to the composition, the heat 
can be diffused in a direction to uniform the DPF heat 
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distribution, especially radial heat distribution, and, par- ■• 
. ticulate- nnatter (PM) collection speed and- combustion ■■ 
speed, :by the stop sealing piate 30G. 
[0079] Then , as shown in FIG. 1 2 to FIG . 1 7; the heat 
diffusing member to be used forthe eighth embodiment . 
is composed by connection a wall flow type second DPF • 
30H, 301, 30J formed by using aluminum alloy, alumi- 
num titanate or other metais, silicone carbide, alumina 
^ or others ceramics as material, to the downstream side 
of a wall flow type first DPF 1 OF, 10G composed of 
cordierite. 

[0080] First, in a composition shown in FIG. 12 and 
FIG. 13, the downstream side 16 of the first DPF 10G is 
not stop sealed, the second DPF 30H is composed of a 
mesh of cell same as the first DPF 10G, the upstream 
side is not stop sealed and the position of the down- 
stream side well curb-like stop seal 13* is differentiated 
from the. position of the upstream side stop seal 13 of 
the first DPF 10G. Namely, it is so composed that the 
upstream side cell 11 a of the first DPF 10G and the 
upstream side cell 1 1 a' of the second DPF 30H are con- 
: nected. 

. [0081] On. the other hand, in another composition 
shown in FIG. 14, a first DPF IGF wherein an upstream 
side 15 and a downstream side 16 are stop sealed re- 
spectively, and a second DPF 301 wherein an upstream 
side and a downstream side are also stop seated are 
bonded with an adhesive 40. 

[0082] The second DPF 301 is composed of a mesh 
of ceil same as the first DPF 10G, and formed so that 

the position of the Ajpstream side well curb-like stop seal 
13' will be the same position as the position of the down- 
stream side stop seal 13 of the first DPF 10G. Namely, 

. . it is so composed that the downstream side cell 11 b of 
the first DPF lOG and the downstream side cell 11a' of 
the second DPF 301 are connected. 
[0083] Then, another composition shown in FIG. 15 
Is substantially same as the composition of FIG. 13, but 
an aeration member 30F which is a heat diffusion mem- 

. ber is disposed between the first DPF 1 0F and the sec- 
ond DPF 30H. The radial heat conduction is promoted 
through the aeration member 30 F. 
[0084] Still another composition shown in FIG. 16 re- 
sembles to the composition in FIG 1 4, and. a stop seal 
plate 30K wherein stop seal protrusions 13K, 13K' are 
formed in zigzag on both face sides is bonded by adhe- 
sive 40 with the downstream side 1 6 of the first DPF 1 0F 
and the upstream' side of the second DPF 30J. There, 
•the radial heat conduction is promoted through the stop 

. seal- p;s-ite 30K. 
[OOSSi And in these eighth embodiments, the boding 
by m^ans of the adhesive 40 absorbs the difference of 
heat conductivity between the first DPFs 1 0F, 10G and 
the second DPFse;£kO!^ i 301,30J, or the aeration member 
30F, the stop seal plate 30K. 

[0086] if the composition Is adopted, the upstream 
side first DPF 1 0F, 1 0G being composed of cordierite or 
other material showing a low heat conductivity, an ex- 



cellent heat retention, and, a low heat capacity and an 
excellent heat- elevation, become hot relatively rapidly, 

•? allowing to promote the combustion of PM . On the other 
hand, the downstream side second DPFs 30H, 301, 30J 

5 being composed of silicone carbide, alumina or other 
ceramic material presenting a high heat conductivity, an 
excellent diffusivity, and, a large heat capacity and a me- 
diocre heat elevation, allows to diffuse and accumulate 
heat, in order to avoid an abnormally high temperature. 

10 [0087] Also, the disposition of an aeration member 
30F or stop seal palte 30K which Is a heat diffusion 
member between the first DPFs 10F, 10G and the sec- 
ond DPFs 30H, 30J, can promote the radial heat con- 
duction. 

'15 [0088] Next, the exhaust gas purification system of 
, the ninth to fourteenth embodiments relating to the use 
of strong and weak catalyst oxidation power shall be de- 
scribed referring to FIG. 18 to FIG. 25. 
[0089] As shown in FIG. 1 8 to FIG. 20, the wall flow 

.20 type filter 1 0L. 1 CM, 1 0N has a number of exhaust gas 
passages (cells) 11 a, 1 1 b whose periphery is formed of 
porous wall surface 12 and is formed by stop sealing In 
zigzag 13 the inlet side 15 andihe outlet side. 1 6 of the 
exhaust gas passage s1 1 a, 1 l b, 

25 [0090] Next, a catalyst 30a to 30d made of oxidation 
catalyst, or, oxidation catalyst and PM oxidation catalyst 
is applied to the wall surface of the exhaust gas passage 
11a, 11b. 

[0091] The oxidation catalyst is formed with a rear 

30 metal such as platinum, and is a catalyst for oxidizing 
nitrogen monoxide (NO) into nitrogen monoxide (NO2) 
with oxygen (O2) in the exhaust gas, and oxidizes PM 
with the generated NO2. Moreover, the PM oxidation 
catalyst formed of cerium dioxide orthe like, is a catalyst 

35 for directly oxidizing the PM by activating the oxide in 
the exhaust gas. 
. .[0092] The exhaust gas G enters the exhaust gas 
passage 11a from the inlet side 1 5, passes through the 
porous wall face 12, enters the exhaust gas passage 

40 lib, and discharged from the outlet side 16 as purified 
exhaust gas Go, During the passage through the porous 
wall face 1 2, PM in the exhaust gas, when it is hot, is 
purified through oxidation and combustion by the cata- 
lytic effect of the catalyst 30a to 30d applied to the po- 

45 rous wall surface 12. When cold, it is collected by the 
porous wall surface 12. Moreover, the collected PM is 
eliminated through oxidation and combustion by the cat- 
alytic effect of the catalyst 30a to 30d during the regen- 
eration control operation. 

50 [0093] In the DPF 1 0L of the ninth embodiment shown 
in FIG. 1 8, the oxidation power of the catalysts 30a, 30b 
■ to be disposed in the DPF 10L is composed so as to 
decrease in order and step- wise from the upstream to 



the downstream of the DPF 1 0L 
55 [0094] In short, as shown In FIG. 18i the DPF 10L is 
divided into an upstream side zone ZA1 , an central por- 
tion zone ZA2 and a downstream side zone ZA3, from 
upstream to downstream, a strong oxidation power cat- 
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alyst 30a is disposed by coating in the upstream side 
zone ZA1 , a weak oxidation power catalyst 30b In the 
central portion zone ZA2 respectively, while the down- 
stream side zone (downstream end portion) ZA3 is not 
coated with cataiyst, so as to decrease the oxidation 
power i n th ree stages . 

[0095] The change of oxidation power of the cataiyst 
30a, 30b can be realized by changing the kind of cata- 
iyst, or even when the same catalyst is used, by chang- 
ing the support concentration during the coating. 
[0096] In the DPF 10M of the tenth embodiment 
shown in FIG. 19, the oxidation power of the catalysts 
30a, 30b to be disposed in the DPF 1 0M is composed 
so as. to decrease in order and step-wise, from the outer 
periphery towards the center of the DPF 1 CM. 
[0097] In short, as shown in FIG. 19, the DPF 10M is 
divided into a cylindrical outer peripheral side zone ZB1 , 
an lintermediate tubular zone ZB2 and a central side 
zone ZB3, from the outer peripheral side to the central 
side, a strong oxidation power catalyst 30a is disposed 
by coating in the cylindrical outer peripheral side zone 
ZB1 , a weak oxidation power catalyst 30b in. the inter- • 
mediate tubular zone ZB2 respectively, while the central 
side zone (center portion) ZB3 is not coated with cata- 
lyst, so as to decrease the oxidation power In three stag- 25 
es. 

[0098] In the DPF ION of the eleventh embodiment 
shown In FIG. 20, the oxidation power of the catalysts 
30a-30d to be disposed in the DPF 1 0N is composed so 
as to decrease in order and step -wise from the outer 30 
peripheral portion B of the upstream end to the central 
portion C of the downstream end of the DPF 10N. 
[0099] In short, as shown in FIG. 20, the DPF 1 0N is 
divided into several zones ZC1 to ZC5 by division lines 
approximating a parabola which is convex at the up- ^5 
stream side, from the outer peripheral portion B of the 
upstream end to the centra! portion C of the downstream 
end, and strong oxidation power catalysts 30a to 30d 
are disposed by coating consecutively, from the zone 
ZC1 near the outer peripheral portion of the upstream 
end. On the other hand, the zone ZC5 of the central por- 
tion of the downstream end is not coated with catalyst, 
so as to decrease the oxidation power in multiple stages 
(5 stages). 

[0100] There, the DPFIOL, lOM, ION is used by in- 45 
corporating in the exhaust gas purification system 1 B, . 
1C or the like as shown in FIG. 33 or FIG. 34, according 
to the kinds of catalyst 30a to 30d. 
[0101] Next, the DPF regeneration control in the ex- 
haust gas purification system IB, 1C or the like as so 
shown in FIG. 33 or FIG. 34 incorporating these 
DPFIOL, 10M, ION shall now be described. 
[01 02] The DPF regeneration control is pertomied ac- 
cording to a regeneration control flow as shown in FIG. 
25. The regeneration control flow is shown as a control 
flow to be executed In parallel with a main control flow 
for controlling the engine, or others. Consequently, 
when the engine operation is started, the flow Is called 



from the main control flow to start, and the execution 
thereof is stopped, by Interruption, at the same time at 
the engine operation stop command such a*^ 'Stopping 
the engine or others, it returns and goes back to the main 
5 control flow. It should be noted that the execution sus- 
pehslon portion by the interruption is not Illustrated in 
the regeneration control flow of FIG. 25. 
[0103] There, when the control flow starts, the nomial 
operation is performed for a predetermined period of 
time in the step S11 , before going to the step S1 2, it is 
judged if the filter requires the regeneration control or 
not, and if unnecessary, it returns to the nonnal opera- 
tion of the step S11 . 

[01 04] If it is judged that the filter regeneration control 
is required by the judgment in the step SI 2. it proceeds 
to the step S20 to perform the regeneration control op- 
eration. 

[0105] In the regeneration control operation of the 
step S20, first, the downstream exhaust gas tempera- 
ture Tc of the DPF is monitored to judge if it is lower than 
the set temperature TcO which would provoke DPF melt- 
ing damage or destruction, and catalyst deterioration. 
[0106] The exhaust gas heat-up control for filter re- 
generation is performed for a certain period of time and, 
In the judgment of the step S21 , in case where the down- 
stream exhaust gas temperature Tc of the DPF is lower 
than the set temperature TcO, the exhaust gas heat-up 
control is set in the step S22 and it proceeds to the step 
S24, while in case where the exhaust gas temperature 
Tc exceeds the set temperature TcO, the exhaust gas 
heat-up suspension is set in the step S23 and it pro- 
ceeds to the step S24. 

[01071 Then, the regeneration control operation is 
performed for a certain period of time In the step S24 
according to the setting of ihe step S22 or step S23, it 
is to terminate or not the regeneration control operation 
and, if to terminate, it returns to the normal operation of 
the step S1 1 and if not to terminate, it returns to the step 
S21 , to continue the regeneration control operation. 
[0108] There,' ip the. regeneration control operation, 
according to the DPF 10L, iOlW, ION of the aforemen- 
tioned configuration, when oxidation and combustion of 
accumulated PM start, in portions of the DPF 10L, 10M, 
1 0N where the catalyst 30a of strong oxidation power is 
disposed (portion ZA1 of the upstream side (inlet side), 
portion ZB1 of the outer peripheral side, portion of the 
upstream side (inlet side) and portion ZC1 of the outer 
peripheral side), oxidation and combustion of PM start, 
by the strong oxidation effect. 

[0109] Then, heat generated by the PM oxidation is 
supplied to portions where catalysts 30b to 30d of low 
oxidation power are disposed potion (portion ZA2 of the 
downstream side (after-flow side), intermediate tubular 
5^@ii'^B2, central portion side portions ZC2 to ZC4 of 
the downstream side) through heat conduction or others 
from the heated up exhaust gas, the upstream side or 
the outer peripheral side, even the catalysts 30b to 30d 
of low oxidation power and weak oxidation activate suf- 
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ficlently, and the oxidation of PM Is performed. 
[0110] What is more, as the catalysts 30b to 30d of 
' these portions, ZA2, ZB2, ZC2 to ZC4 are weak in oxi- 
dation power, a rapid PIVl oxidation is avoided, and melt- 
ing damage, combustion loss, destruction of the DPF 
tOL, 1 CM, 1 0N or catalyst deterioration are also prevent- 
ed. * 

[0111] As exhaust gas purification system of the 
twelfth embodiment, an exhaust gas purification system 
120A in the case of application to a continuous regen- 
eration type DPF system 1 U of NOg regeneration type 
DPF systenn shown in FIG. 32 shall be described. 
[0112] The exhaust gas purification system 120 A 
shown in the FIG. 22 Is a purifier using oxidation of par- 
ticulate matter (PM). by N.O2, comprising an upstream 
oxidation catalystconverterSAa and a downstream wall 
f-iow type DPF 11 OA, wherein NO in the exhaust gas is 
oxidized by the upstream oxidation catalyst converter 
3Aa and PM collected by the downstream DPF 1 1 0A is 
oxidized by the generated NO2 into CO2 to eliminate 
PM. 

[0113] Here, the oxidation catalyst converter 3Aa is 

the one supporting an oxidation catalyst 32A (32As, 
32 Aw) in the exhaust gas passage of a honeycomb 
structure made of cordierrte or ceramics, formed in a tu- 
bular shape where the exhaust gas G enters the up- . 
stream end portion and exits from the downstream end 
portion. • 

[0114] In this embodiment, as shown In FIG. 22 and 
FIG. 23, an outer peripheral side passage portion Z1 
(hatched portion) of the oxidation catalystconverterSAa 
supports a strong oxidation catalyst 32As made of rear 
metal system oxidation catalyst or the like, while a cen- 
tral side passage portion Z2 (non hatched portion) sup- 
ports a weak oxidation catalyst 32Aw made of oxide sys- 
tem oxidation catalyst or the like. 
[01 1 5] In addition, the cross-section area of the outer 
peripheral side passage portion Z1 supporting the 
strong oxidation catalyst 32 As is set to 0.5 to 1 .0 times 
of the cross-section area of the central side passage 
portion Z2 supporting the weak oxidation catalyst 32Aw 
In order to keep a good temperature distribution forma- 
tion in the downstream side DPF 110 A} oxidation effi- 
ciency by the catalyst effect, thermai retention counter- 
measures or others in a good state. 
[0116] And, the DPF 11 OA is also formed in a tubular 
shape where the exhaust gas G enters the upstream 
end portion and exits from the downstream end portion. 
The DPF 11 OA is made of a wall flow type filter 10X or 
others as. shown in FIG, 35. 
. [0117] The wall flowtype filter 1 0X; made of cordierite 
or ceramics, comprises a number of exhaust gas pas- 
sages (cell) whose periphery is formed of porous wall 
surface 12^^^f ^ inlet side 1 5b and an outlet side 1 6b 
of the exhaust gas passage 1 1 a, 11 b stop sealed in zig- 
zag. 

[01 1 8] According to the exhaust gas purification sys- 
tem 120A of the composition, in the normal operation 



mode, as the outer peripheral side passage portion Z1 
where the exhaust gas temperature tends to lower eas- 
. 4?V: by heat radiation or others supports the strong oxida- 
tion catalyst, in the upstream side oxidation catalystcon- 

s verter 3Aa, and therefore, the oxidation effect is en- 
hanced, the oxidation reaction of PM or NO components 
or others contained in the exhaust gas is promoted, re- 
sulting in the elevation of the exhaust gas temperature. 
[0119] At the same time, as the central side passage 

io portion Z2 where the exhaust temperature tends to raise 
easily supports the weak oxidation catalyst, the oxida- 
tion effect is low, the oxidation reaction of PM or NO 
components or others contained In the exhaust gas is 
reducedi decreasing the elevation width, of the exhaust 

'5 gas temperature due to the oxidation reaction. 

[0120] Consequently, the global temperature distribu- 
tion of the oxidation catalyst converter 3Aa and the 
downstream side DPF 11 OA Is equalized, in a way to 
enlarge the combustion area of PM in the exhaust gas, 

^0 In the normal engine operation. 

[0121] Also, In the regeneration mode operation; NO 
is produced in quantity and the exhaust temperature is " 
raised, by changing the engine operation . state, but 
when the exhaust gas passesthrough the oxidation cat- 

25 alyst converter 3Aa, the exhaust gas G in the outer pe- 
ripheral side passage portion Z1 becomes hot through 
oxidation of NO and NO2 is produced In quantity and, 
therefore, collected PM burns actively and the temper- 
ature raises rapidly in the outer peripheral side passage 

30 of the DPF 11 OA, Nonetheless, the outer peripheral side 
also cools down rapidly by radiation. On the other hand, 
the exhaust gas G passing through the central side pas- 
sage poition Z2 and fiowing In the central side passage 
of the DPF nOA Is relatively cold and contains4ittle NOg 

35 and, therefore, the caught PM burns slowly, preventing 
an abnormally high temperature. 

[0122] Therefore, the temperature distribution in the 
DPF 11 OA is made unifomn wholly and the abnormal 
high temperature parts is not caused during the regen- 
40 eration mode operation, so the melting of the filter can 
be avoided; 

[01 23] Next, as exhaust gas purification system of the 
thirteenth embodiment, an exhaust gas purification sys- 
tem 1 20B in the case of application to a continuous re- 

45 generation type DPF system IV of NO2 regeneration 
type DPF system shown in FIG. 33 shall be described. 
[19124] The exhaust gas purification system 120B 
shown in the FIG, 24 is a purifier wherein oxidation cat- 
alyst 32A (32As, 32Aw) Is applied to the wall surface of 

so the wall flow type filter with catalyst 1 1 0B to achieve ox- 
idation of NO in the exhaust gas and PM oxidation by 
NO2 generated by the oxidation, on the wall surface. 
[0125] In this embodiment, a strong oxidation catalyst 
32As made, of rear metal system oxidation ca^^^f or 

55 the like and a weak oxidation catalyst 32Aw made of 
oxide system oxidation catalyst or the like are prepared, 
and as shown in FIG. . 24, an outer peripheral side pas- 
sage portion Z1 of the DPF 1108 supports the strong 
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oxidation catalyst 32As, while a centra! side passage 
•portion Z2 supports the weak oxidation catalyst 32Aw 
respectively. 

{01 26] I n addition, the cross-section area of the outer 
peripheral side passage portion Z1 supporting the 
strong oxidation catalyst 32As is set to 0.5 to 1 .0 times 
of the cross-section area of the central side passage 
portion Z2 supporting the weak oxidation catalyst 32Aw 
in order to keep a good temperature distribution forma- 
tion in the DPF 110 B, oxidation efficiency by the catalyst 
effect, or others in a good state. 

[0127] According to the exhaust gas purification sys- 
tem 120B of the composition, in the- normal operation 
mode, as the outer peripheral side passage portion Z1 
supports the strong oxidation catalyst 32As, the oxida- 
tion reaction of components such as NO or others con- 
tained in the exhaust gas In the DPF 11 OB is promoted, 
resulting in the elevation of the exhaust gas tempera- 
ture, while in the central side. passage portion Z2 sup- 
porting the weak oxidation catalyst 32Aw, the oxidation 
reaction and the elevation exhaust gas temperature are 
reduced, and consequently, the global temperature dis- 
tribution of the DPF 1108 is equalized,. 
[0128] Also, In the regeneration mode operation, the 
oxidation reaction of PM collected by DPF 11 OB is pro- 
moted in the outer peripheral side passage portion Z1 
supporting the strong oxidation catalyst32As and raises 
the filter temperature, while the oxidation reaction of col- 
lected PM is slow in the central side passage portion Z2 
supporting the weak oxidation catalyst 32Aw, and con- 
sequently, the global temperature distribution of the 
DPF 11 OB is equalized. As a result, the filter melting 
damage due to an abnormally high temperature com- 
bustion that can happen easily during the regeneration 
operation can be prevented. 

[0129] Also, as exhaust gas purification system of the 
fourteenth embodiment, an exhaust gas purification 
system 1 20C in the case of application to a continuous 
regeneration type DPF system 1 W of NO2 regeneration 

- type DPF systenfi shown In FIG. 34 shall be described. 
[0130] The exhaust gas purification system 120C 
shown in the FIG. 25 is a purifier wherein oxidation cat- 
alyst 32A (32As, 32Aw) and PM oxidation catalyst 32B 
are applied to the wall surface of the wall flow type filter 
with PM oxidation catalyst HOC to achieve oxidation of 

• PM from a temperature lower than the wall surface. 
[01 31 ] The PM oxidation catalyst 328 is a catalyst for 
oxidizing PM directly with Og in the exhaust gas and is 
made of cerium dioxide or others. 
[0132] In the continuous regeneration type DPF sys- 
tem 1 C, PM is oxidized with NO2 using a reaction to ox- 
idize NO of the oxidation catalyst 32A into NOg. mainly, 
In the low temperature oxidation area (about 350 C*" to 
450 C**), PM Is oxidized using a reaction to oxidize PM 
directly with O2 in the exhaust gas Og of the PM oxida- 
tion catalyst 328 in the middle temperature oxidation ar- 
ea (about 400 C° to 600 C°), while PM is oxidized with 
O2 in the exhaust gas, in the high temperature oxidation 



area (equal or superior to about 600 C*) higher than the 
temperature at which PM burns with O2 in the exhaust 

gas. 

[0133] In this embodiment, the oxidation catalyst 32A 

5 Is composed so that a strong oxidation catalyst 32As 
made of rear metal system oxidation catalyst or the like 
and a weak oxidation catalyst 32Aw made of oxide sys- 
tem oxidation catalyst or the like are prepared, and an 
outer peripheral side passage portion Z1 of the DPF 11 0 

10 C supports the strong oxidation catalyst 32As and the 
PM oxidation catalyst 32B, while a central side passage 
portion Z2 supports the weak oxidation catalyst 32Aw 
and the PM oxidation catalyst 32B respectively 
[0134] In addition, the cross-section area of the outer 

15 peripheral side passage portion Z1 supporting the 
strong oxidation catalyst 32As is set to 0.5 to 1 .0 times 
of the cross-section area of the central side passage 
portion Z2 supporting the weak oxidation catalyst 32Aw 
in order to keep a good temperature distribution forma- 

20 tion in the filter, oxidation efficiency by the catalyst effect 
or others in a good state. 

[0135] According to the exhaust gas purification sys- 
tem 120c of the composition, the temperature distribu- 
tion of the DPF 110c can be equalized, and as a . result, 

25 the filter melting damage can be avoided by preventing 
an abnonmally high temperature from generating. ^ 
[01 36] Also, the exhaust gas purification system of the^ 
fifteenth and sixteenth embodiments conceming the ex- 
haust gas passage shall be described referring to FIG. 

30 26 to FIG. 31. 

[0137] As shown in FIG. 26 to FIG. 31 , DPFs 21 OA to 
21 OF used for the exhaust gas purification system 20A 
to 20F is composed of a wall flow type filter having a 
. number of exhaust gas passages 11a, 11b whose pe- 

35 riphery Is formed of porous wall surface 12 and an inlet ^ 
side 15b and an outlet side 16b of cells 11a, llbconsti- 
tutlng the exhaust gas passage stop sealed in zigzag 
13, to be used incorporated in an exhaust gas purifica- 
tion system 1U, IV, 1W or others as shown in FIG. 32 

40 to FIG. 34. Consequently, the DPF 21 OA to 21 OF may 
be a normal DPF, or a DPF with a catalyst such as oxi- 
dation. catalyst, namely catalytic DPF. 
[0138] In the exhaust gas purification system20 of the 
fifteenth embodiment shown in FIG. 26, a DPF 21 OA 

45 made of a wall flow type filter is formed into a tubular 
body such as cyiindrical form or the like and an outer 
peripheral passage 24A Is disposed at the outer periph- 
eral portion of the tubular body and a central passage 
27A in the central portion along the central axis respec- 

50 tively. 

[0139] In addition, an outside chamber 25A commu- 
nicating the outer peripheral passage 24A and the up- 
stream side cell 1 1 a is installed, and moreover, an Inside 
^^"^^^^ftamber 26A communicating the downstream side cell 
55 lib and the central passage 27A is provided. A gas inlet 
passage 23A is provided outside the inside chamber 
26A, to communicate the gas inlet 21 A and the outer 
peripheral passage 24A. A gas diffusion member 22A 
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is -disposed at the gas inlet 21 A, and composed to dif- 
fuse equaHythe inflow exhaust-gas G In. the. outer pe- 
lipheral passage 24A. It should be noted that an ash 
discharge port 34 is disposed in the downstream portion 
of the outside chamber 25A in order to discharge ash 
accumulated in the outside chamber 25A. 
[0140] Then, the exhaust gas passage Is composed 
so that the exhaust gas G passes through the gas Inlet 
21 A, gas diffusion member 22a, gas Inlet passage 23 A, 
outer peripheral passage 24A, outside chamber 25A, 
cell 11a, 11b, inside chamber 26A, central passage 27A, 
and gas outlet passage 28A in the order 
[01 41 ] In short, it is so composed to make the exhaust 
gas G pass through the outer peripheral passage 24A 
before flowing In th€ upstream side ceil 11a, down- 
stream side cell 11b, and discharge the exhaust gas Gc 
purified by the porous wall face 12 between the up- 
stream side cell 11a and the downstream side celMlb 
out of the exhaust gas purification system 20A via the 
central passage 27A. 

[0142] Accordlngto the composition, the outer periph- 
eral side of the DPF210A can be heated or kept warm 
by the exhaust gas G, by flowing the total amount of ex- 
haust gas G through the outer peripheral passage 24A 
and then through the cells 11a, lib of the DPF 21 OA, 
contributing to a further homogenizatlon of the temper- 
ature distribution of the DPF 21 OA both in the engine 
normal mode operation and the DPF regeneration mode 
operation. 

[0143] Next, in the composition of FIG. 26, the outer 
peripheral passage 24A is formed as a passage be- 
tween the outer periphery of the DPF 21 OA and a ease 
31 of the exhaust gas purification system 20A, as a pas- 
sage provided outside the DPF 21 OA. In the case, the 
outer peripheral side of the DPF 21 OA Is fixedly support- 
ed by an inner wall 26a continuous to an inner chamber 
26A through a DPF holding mat 32. 
[0144] Thus, by adopting a composition of installing 
the outer peripheral passage 24A separately from the 
DPF 21 OA outside the DPF 21 OA, the filter portion more 
. vulnerable than the other portions can be protected, and 
the expensive filter portion will not be damaged during 
transportation or installation. of the exhaust gas purifica- 
tion system 20A, even if the outside or the exhaust gas 
purification system 20 A is damaged. 
[0145] Also, as shown in FIG. 27, the outer peripheral 
passage 24Bcan be formed by removing stop seals be^ 
fore and after several layers of cells 11 a\ 1 1 b* in an in- 
side area along the outer periphery of the tubular body 
of the DPF 21 OB. The composition of removing the stop 
seal 1 3 can be formed relatively easily, because it can 
be molded into a shape from which the stop seal 13 is 
taken out during the molding of the DPF 21 OB. In the 
case,?1i%^^ter peripheral side of the DPF 21 OB comes 
to be. held through the DPF holding fnat 32.. 
[0146] Next,, an oxidation catalyst is disposed In the 
outer peripheral passage 24B. The composition permits 
to heat the outer peripheral side of the DPF 21 OB with 



oxidation reaction heat by the oxidation catalyst. Also, 
the space for disposing the -oxidation catalyst can be 
ecopc-Tiized. 

[0147] Concerning the disposition of oxidation cata- 
5 iyst on the outerperipheral passage 24B, it may be sup- 
ported by the porous wall face 12 around the cell 11a', 
■1 1b* from which the stop seal 13 is taken out as shown 
in FIG. 27, or a porous support layer supporting the ox- 
idation catalyst may be laminated on the porous wall 
10 face 12. 

[0148] Or, as shown in FIG. 28, the outer peripheral 
passage 24C is formed as a passage between the outer 
periphery of the DPF 21 OC arid a case 31 of the exhaust 
gas purification system 20C, and In the passage 24C, 

15 the oxidation catalyst is supported by a ceramic or metal 
honeycomb structure 41 formed separately from the 
DPF210C, and the honeycomb structure 41 is disposed 
through insertion into the outer peripheral passage 24C. 
In the case, the oxidation support step can be cut off 

20 from the moiding step of the DPF 21 OC and, moreover, 
the oxidation catalyst can be disposed relatively easily 
In the outer peripheral passage 24C. 
[0149] Also, as for the central passages 27A. 27B, 
27C, as shown in FIG. 26 and FIG. 27, an area along 

25 the central axis of a tubular body is fomned hollow, and 
the hollow portion is taken as the central passage 27A, 
27B, or as shown in FIG. 28:, the central passage 27C 
is formed by removing stop seals before and after cells 
1 1 a", 1 1 b" In an area along the central axis of the tubular 

30 body. 

[0150] As the central passages 27A, 27B, 27C are 
formed in a portion Including the downstream side of the 
central portion where an extremely high temperate gen- 
eratesto create the DPF melting damage, in aDPF 10X 
35 of the prior art of FIG. 35, the melting damage which 
was encountered In the DPF 1 0X of the prior art can be 
avoided. 

[0151] It should be noted that the combination of the 
composition of the outer peripheral passages 24A, 24B, 

40 24C and the composition of the hollow passages 27A, 
27B, 27C is made conveniently, compositions in FIG. 26 
. to FIG. 28 are nothing but exemplary, and the present 
Invention is not limited to the combinations shown In 
^these drawings. 

45 [0152] Further, In the aforementioned exhaust gas pu- 
rification systems 20A, 20B, 20C, relief valves 33A, 33B, 
33C are disposed so that the exhaust gas G bypass€»s 
the DPFs 21 OA, 21 OB, 21 OC, when the clogging of the 
DPFs 21 OA, 21 OB, 21 OC progresses and Increases the 

50 pressure. 

[0153] The relief valves 33A, 33B, 33C are disposed, 
as shown in FIG. 26, on a passage wail 28 w between 
an outside chamber 25A communicating the outer pe- 
ripheral passage 24 A and the upstream^^#%ell 11a, 

55 and the gas outlet passage 28A, or, as shown in FIG. 
27, on a passage wall 26w between an inside chamber 
26B communicating the downstream side cell lib and 
the central passage 27B and the gas inlet passage 23B. 
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Otherwise, as shown in FIG. 28, it may be disposed in 
a portion Inside the gas diffusion member 22C of the 
passage wall 26w between an Inside chamber 25C com- 
municating the downstream side cell 1 1 b and the central 
passage 27C, and the gas inlet passage 23C. 
[0154] The disposition of the relief valves 33A, 33B, 
33C allows to avoid an excessive elevation of the engine 
exhaust pressure, by bypassing the filtration portion, 
when the DPFs 21 OA, 21 OB, 21 OC are clogged exces- 
sively by an abnormal accumulation of particulate mat- 
ter. 

[0155] in addition, if the relief valves 33A, 33B. 33C 
are disposed at the position of FIG. 26 to FIG. 28, the 

piping for arranging the relief valves 33A, 33B, 33C be- 
comes unnecessary, making the exhaust gas purifica- 
tion system more compact. 

[0156] Now, the exhaust gas purification system of the 
sixteenth embodiment shall be described. 
[Ot57] In the exhaust gas purification system 20D of 
the sixteenth embodiment shown in FIG. 29.. a wall flow 
type DPF 21 OD is formed into a tubular body such as 
cylindrical form or the like and an outer peripheral pas- 
sage 24D is disposed at the outer peripheral portion of 
the tubular body and a central passage 27D in the cen- 
tral portion along the central axis respectively 
[0158] In addition, an inside chamber 26D communi- 
cating the central passage 27D and the upstream side 
cell 1 1 a is provided, and an outside chamber 25D com- 
municating the downstream side cell lib and the outer 
peripheral passage 24D is installed. A gas outlet pas- 
sage 23D is provided outside the inside chamber 26D, 
to communicate the gas outlet 28D and the outer pe- 
ripheral passage 24D. 

[01 59] Then, in- the sixteenth embodiment, as shown 
in FIG. 29, it is so composed that the exhaust gas G 
passes through the gas inlet 21 D, central passage 27D, 
inside chamber 26D, cells 11 a. 11 b, outside chamber 
25D, outer peripheral passage 24D, gas outlet passage 
23D and gas outlet 28D In this order. 
[01 60] The composition of the sixteenth embodiment 
is different from the composition of the fifteenth compo- 
sition in that the exhaust gas G passes through the cen- 
tral passage 27D before the cells 11a, lib, and then 
through the outerperipheral passage 24D, and, the por- 
tion where oxidation catalyst is disposed in the central 
passage 27D. 

[0161] Though, in the composition shown in FIG. 29 
to FIG. 31 , the outer peripheral passage 24D is disposed 
outside the DPF 21 OD as a passage between the outer 
periphery of the DPF 21 OD and the case 31 ; however, 
the outer peripheral passage may also be formed be re- 
moving stop seals before and after the cell in the area 
along the outer periphery of the tubular body of the DPF, 
as is the case for the composition of FIG. 27. 
[0162] As for the central passage 27D, as shown in 
FIG. 29, an area along the central axis of a tubular body 
may be formed hollow, and the hollow portion may be 
taken as central passage 27D, or though not shown, it 



can be formed by removing stop seals before and after 
cells in an area along the central axis of the tubular body. 
[0163] Next, as shown in FIG. 30, an oxidation cata- 
lyst is disposed in the central passage 27E. In the FIG. 

5 30, the oxidation catalyst is supported by a ceramic or 
metal honeycomb structure 42 formed separately from 
the DPF 21 OE, and the honeycomb 42 Is disposed 
through insertion into the central passage 27E of the 
DPF210E. It should be noted that, in FIG. 31 , the hon- 

10 eycomb 43 is disposed in connection with the member 
composing the gas inlet 21 F, and composed to be in- 
serted into the central passage 27F of the DPF 210F 
during the assembly of the exhaust gas purification sys- 
tem 20F. 

15 [0164] In addition, though not illustrated, the central 
passage may be formed by removing stop seals before 
and after cells in an area along the central axis of the 
tubular body, and the oxidation catalyst can be arranged 
in the central passage, by providing on the porous wall 

20 surface around the cell along the central axis of the tu- 
bular body, or, by laminating a porous support layer sup- 
porting oxidation catalyst on the porous wall surface. 
[0165] Further, as shown in FIG. 31 , disposition of a 
thermal insulation layer 51 on the outer surface of the 

25 case 31 of the DPF 20F can enhance the thermal reten- 
tion effect and,, at the same time, prevent thenrtal dam- 
age of peripheral vehicle components disposed outside 
by the heat. Besides, the thennal insulation layer 51 
having also a normal noise reduction effect can serve 

30 for prevention of noise. 

[0166] In these compositions of the sixteenth embod- 
iment, as the central passages 27D, 27E, 27F are up- 
stream, the exhaust gas flowing in the outer peripheral 
passages 24D, 24 E, 24F tums to be the purified ex- 

35 haust gas Gc after having passed through the cell 11a, 
lib, these exhaust gases G, Gc allow to retain heat and 
heat up the central portion and the outerperipheral por- 
tion of DPFs 21 OD, 21 OE, 21 OR 

[0167] In addition, if oxidation catajyst is disposed in 
40 the central passage 27E. the central portion of the DPF 
21 OE can be heated with heat of the exhaust gas G and 
heat generated by oxidation reaction of substances in 
the exhaust gas G. 

[0168] And, in the aforementioned exhaust gas puri- 
45 fication systems 20D. 20E, 20F, a relief valve is dis- 
posed, so that the exhaust gas G bypasses the DPFs 
21 OD, 21 OE , 21 OF, when the clogging of the DPFs 21 OD, 
21 OE, 21 OF progress and increases the pressure. 
[0169] The relief valves 33D, 33E, 33F are disposed, 
50 as shown in FIG. 29, on a passage wall 21 w between 
an outside chamber 25D communicating the outer pe- 
ripheral passage 24D and the downstream side cell 1 1 b, 
and the gas Inlet passage 21 D, or, as shown in FIG. 30, 
on a passage wall 26w between an inside chamber 26E 
55 communicating the upstream side cell 11a and the cen- 
tral passage 27E, and the gas outlet passage 23E. Oth- 
enwise, as shown in FIG. 31, it may be disposed in a 
central portion of the passage wall 26w between an in- 



19 



BNSDOCID: <EP. 



1312776A2_I_> 



37 



EP 1 312 776 A2 



38 



side chamber 26F communicating the upstream side 
cell 11 a and the central passage 27C, and the gas outlet 
passage 23F. 

[0170] The disposition of the relief valves 33D, 33E, 
33F allows to avoid an excessive elevation of the engine 
exhaust pressure, by bypassing the filtration portion, 
when the DPF s210D, 21 OE, 21 OF are clogged exces- 
sively by an abnormal accumulation of particulate mat- 
ter. 



Claims 

1. An exhaust gas purification system having a diesel 
particulate filter to purify particulate matter in the 
diesel engine exhaust gas, composed of an exhaust 
gas passage prevention structure installed in a por- 
tion where the PM in the exhaust gas is collected 
and accumulated easily and, at the same time, the 
temperature raises easily by oxidation of the accu- 
mulated PM, in said diesel particulate filter. 

2. The exhaust gas purification system of claim 1, 
. wherein said diesel particulate filter is a wall flow 

type filter having a number of exhaust gas passages 
- whose periphery Is formed of porous wall surface 
and inlet side and outlet side of th&exhaust gas pas- 
sage sealed in zigzag, and said exhaust gas pas- 
sage prevention structure is installed against said 
exhaust gas passage of the central portion of the 
exhaust gas inflow cross-section of said filter and, 
at the same time, said exhaust gas passage pre- 
vention structure Is stop sealed both, at the up- 
stream side and the downstream side of said ex- 
haust gas passage. 

3. The aforementioned exhaust gas purification sys- 
tem of claim 1 , wherein said. diesel particulate filter 
is a wall flow type filter having a number of exhaust 
gas passages whose periphery is formed of porous 
wait surface and inlet side and outlet side of the ex- 
haust gas passage sealed in zigzag, and said ex- 
haust gas passage prevention structure is installed 
against said exhaust gas passage of the central 
portion of the exhaust gas inflow cross-section of 
said filter and, at the same time, said exhaust gas 
passage prevention structure is made solid without 
the exhaust gas passage. 

4. An exhaust gas purification system having a diesel 
particulate filter to purify particulate matter in the 
diesel engine exhaust gas, composed of a heat ab- 
sorber installed in a portion where the PM in the ex- 

^S^^^st gas is collected and accumulated easily and, 
at the same time, the temperature raises easily by 
oxidation of the accumulated PM, in said diesel par- 
ticulate filter, or in a surrounding portion of the por- 
tion. 



5. The exhaust gas purification system of claim 4, 
wherein said diesel particulate filter is a wall flow 
type flit' - having a number of exhaust gas passages 
whose periphery is fomned of porous wall surface 

s and inlet side and outlet side of the exhaust gas pas- 
sage sealed in zigzag, and wherein said heat ab- 
sorber is formed of a thick porous wall surface in 
the central portion of the exhaust gas inflow cross- 
section of said filter or the thick porous wall surface 

10 surrounding the central portion. 

6. An exhaust gas purification system having a diesel 
particulate filter to purify particulate matter In the 
diesel engine exhaust gas, composed of a heat dif- 

is fusing member, presenting a higher heat conductiv- 
ity than the diesel particulate filter, disposed in con- 
tact with a portion where the PM in the exhaust gas 
is collected and accumulated easily and, at the 
same time, the temperature raises easily by oxida- 

20 tion of the accumulated PM, in said diesel particu- 
late filter. 

7. The exhaust gas purification system of claim 6, 
wherein said heat diffusing member is composed 

25 using metal, silicon nitride, and silicon carbide as 
material. 

8. The exhaust gas purification system of claim 6 or 7, 
wherein said diesel particulate filter is a wall flow 

30 type filter having a number of exhaust gas passages 
whose periphery is formed of porous wall surface 
and upstream side and downstream side of the ex- 
haust gas passage sealed In zigzag, and wherein 
said heat diffusing member Is composed of a stop 

35 sealing plate for sealing said downstream side in 
zigzag. 

9. The exhaust gas purification system of claim 6 or 7, 
wherein said heat diffusing member is composed of 

40 a member having a filter function. 

10. The exhaust gas purification system of claim 9, 
wherein both of said diesel particulate filter and said 
heat diffusing member are composed of a wall flow 

45 type filter having a number of exhaust gas passages 
whose periphery is formed of porous wall surface, 
and wherein the upstream side and the downstream 
side of said exhaust gas passage are sealed In zig- 
zag. 

50 

11. An exhaust gas purification system having a diesel 
particulate filter to purify particulate matter in the ex- 
haust gas from a diesel engine by using a catalyst, 
wherein the oxidation power of^ifil^talyst to be 

55 disposed in the diesel particulate filter is composed 
so as to decrease in order, step-wise or continuous- 
ly, from the upstream to the downstream of the die^ 
sel particulate filter. 
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12. An exhaust gas purifbation system having a diesel 
particulate filter to purify particulate matter in the ex- 
haust gas from a diesei engine by using a catalyst, 
wherein the oxidation power of said catalyst to be 
disposed In the diesel particulate filter is composed 
so as to decrease in order, step-wise or continuous- 
ly, from the outer periphery towards the center side 
of the. diesel particulate filter. 

13. An exhaust gas purification system having a diesel 
particulate filter to purify particulate matter in the ex- 
haust gas from a diesel engine by using a catalyst, 
wherein the oxidation power of said catalyst to be 
disposed in the diesel particulate filter is composed 
so as to decrease in order, step-wise or continuous- 
ly, from the outer periphery of the upstream end to- 
wards the centra! portion of the downstream end of 
the diesei particulate filter. * 

14. The exhaust gas purification system of one of 
claims 11 to 1 3, wherein the oxidation power of said 
catalyst is changed in three or more stages, or, con- 
tinuously and, at the same time, the portion of the 
lowest oxidation power of said catalyst is formed by 
not disposing said catalyst. 

15. The exhaust gas purification system of one of 
claims 11 to 14, wherein said diesel particulate filter 
is a wall flow type filter having a number of exhaust 
gas passages whose periphery is fonned of porous 
wall surface and, an inlet side and an outlet side of 
an exhaust gas passage sealed in zigzag. 

16. An exhaust gas purification system comprising an 
oxidation catalyst converter in the upstream of the 
exhaust gas passage and a diesel particulate filter 
to purify particulate matter in the exhaust gas from 
a diesel engine in the downstream, wherein said ox- 
idation catalyst converter and said diesel particulate 
filter are formed into a cylinder-shape in which the 
exhaust gas enters in the upstream end portion and 
exits from the downstream end portion and, at the 
same time, it is so composed that the outer periph- 
eral passage portion of said oxidation catalyst con- 
verter supports a strong oxidation catalyst, and the 
central passage portion a weak oxidation catalyst 
respectively. 

17. An exhaust gas purification system having a diesei 
particulate f ilterto purify particulate matter in the ex- 
haust gas from a diesel engine in the exhaust gas 
passage and disposing an oxidation catalyst in the 
exhaust gas passage of said diesel particulate f ilter, 
wherein the diesel particulate filter is formeMi^^E^a 
cylinder-shape in which the exhaust gas enters in 
the upstream end portion and exits from the down- 
stream end portion and. at the same time, it is so 
composed that the outer peripheral passage portion 



of the diesel particulate filter supports a strong oxi- 
dation catalyst, and the central passage portion of 
the diesel particulate filter supports a weak oxida- 
tion catalyst respectively, 

5 

18. The exhaust gas purification system of claim 1 6 or 
1 7, wherein said strong oxidation catalyst is made 
of a rear metal system oxidation catalyst, while said 
weak oxidation catalyst is made of an oxide system 

10 oxidation catalyst. 

1 9. The exhaust gas purification system of claim 1 8, the 
transversal cross-section area of the outer periph- 
eral passage portion supporting said strong oxida- 

15 tion catalyst is made into 0.6 to 1 .0 time of the trans- 
versal cross-section area of the central passage 
portion supporting said weak oxidation catalyst. 

20. The exhaust gas purification system of one of 
20 claims 1 6 to 1 9, wherein said diesel particulate fitter 

Is a wall flow type filter having a number of the ex- 
haust gas passages whose periphery is formed of 
porous wail surface and an inlet side and an outlet 
side of the exhaust gas passage sealed in zigzag. 

25 

21. An exhaust gas purification system, wherein the 
diesel particulate filter to purify particulate matter in 
the exhaust gas from an engine is composed of a 
wall flow type filter having an inlet side and an outlet 

30 side of a plurality of cells whose periphery is formed 
of porous wall surface sealed in zigzag, and where- 
in an outer peripheral passage Is disposed in the 
outer peripheral portion of said diesel particulate fil- 
ter and a central passage in the central portion re- 

35 spectively, and it is so composed that exhaust gas 
passes through the gas inlet passage, said outer 
peripheral passage, said cells, said central passage 
and the gas exit passage in this order. 

40 22. The.exhaust gas purification system of claim 21, 
yvherein the oxidation catalyst is disposed in said 
outer peripheral passage. 

23. The exhaust gas purification system of claim 22, 
45 wherein the oxidation catalyst is supported by a ce- 
ramic or metal honeycomb structure fonned sepa- 
rately from the diesel particulate filter and the hon- 
eycomb structure is disposed in said outer periph- 
eral passage, for disposing an oxidation catalyst in 

so the outer peripheral passage. 

24. The exhaust gas purification system of one claims 
■ 21 to 23, wherein a relief valve is disposed at least 

one of a passage wall between an outside chamber 
55 communicating said outer peripheral passage with 
said cell and said gas exit passage, or a passage 
wall between an inside chamber communicating 
said cell and said central passage, and said gas in- 
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let passage, so that the exhaust gas bypasses said 
fitter, when the clogging of said filter progresses and 
increases the pressure. . 



25. An exhaust gas purification system, wherein the 5 
diesel particulate filter to purify particulate matter in 
the exhaust gas from an engine Is composed of a 
wall flow type filter having an inlet side and an outlet 
side of a plurality of cells whose periphery is formed 

of porous wall surface sealed in zigzag, and where- *o 
in an outer peripheral passage is disposed in the 
outer peripheral portion of said diesel particulate fll- 
.ter and a central passage in the central portion re- 
spectively, and it is so composed that exhaust gas 
passes through the gas inlet passage, said central '5 
passage, said cells, said outer peripheral passage 
and the gas exit passage in this order. 

26. The exhaust gas purification system of claim 25, 
wherein an oxidation catalyst is disposed in said 20 
central passage. 

27. The exhaust gas purification system of claim 26, 
wherein, the oxidation catalyst Is supported by a ce- 
ramic or metal honeycomb structure formed sepa- 25 
rately from the diesel particulate filter and said hon- 
eycomb structure is disposed In said central pas- 
sage, for disposing an oxidation catalyst in said cen- 
tral passage. 

BO 

28. The exhaust gas purification system of one of 
claims 21 to 23, wherein a relief valve is disposed 
at least one of a passage wall between an outside 
chamber communicating said cell and said outer 
peripheral passage and said gas inlet passage, or bs 
a passage wall between an inside chamber' com- 
municating said central passage and said cell, and 
said gas exit passage, so that the exhaust gas by- 
passes said filter, when the clogging of said filter 
progresses and increasies the pressure. 

29. The exhaust gas purification system of one of claim 
21 to 28, wherein a thermal insulation layer is dis- 
posed on the outer surface of said exhaust gas pu- 
rification system. 45 
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1. Claims: 1-3 

An exhaust gas purification system having an exhaust passage 
prevention structure to avoid the deposition of particulate 
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2. Claims: 4,5 

An exhaust gas purification system having a heat absorber 
Installed in a central portion of the filter structure In 
order to conduct heat to the outer peripheral portions. 
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3. Claims: 6-10 

An exhaust gas purification system having a heat diffusing 
member, presenting a higher heat conductivity than the 
filter structure. 

4. Claims: . 11-15 

An exhaust gas purification system having a catalyst 
disposed on a filter structure. The oxidation power of the 
catalyst decreases from the upstream end of the filter 
towards the downstream end, or from the outer periphery 
portion towards the center portion, or from the outer 
periphery of the upstream end towards the central portion of 
the downstream end of the filter. 

5. Claims: 16-20 

An exhaust gas purification system combining an oxidation 
catalyst and a particulate filter. A strong oxidation 
catalyst is carried on the outer periphery portion and a 
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said catalyst-filter combination. 

6- Claims: 21-29 

An exhaust gas purification system having a wall flow type 
filter, an outer peripheral passage and a center portion. 
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